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ABSTRACT
STUDIES ON THE ECOLOGY OF HYALE NILSSONI 
(RATHKE) 1843, AN ALGAL-INHABITING 
AMPHIPOD CRUSTACEAN
by
CLARIBEL DAY McBANE 
U n i v e r s i t y  o f  New H am psh ire ,  Septem ber 1981
The l i f e  h i s t o r y ,  a l g a l  p r e f e r e n c e s  and t e m p e r a t u r e - s a l i n i t y  t o l ­
e r a n c e s  o f  t h e  t a l i t r o i d e a n  amphipod c r u s t a c e a n ,  H y a le  n i l s s o n i  w ere  
s tu d i e d  a t  open c o a s t a l  and e s t u a r i n e  ro c k y  i n t e r t i d a l  s h o re s  o f  New 
H am psh ire .  M ic r o h a b i t a t  d i s t r i b u t i o n  and m o u th p a r t  m orphology o f  t h e  
s y m p a t r ic  H. n i l s s o n i  and II. p lu m u lo sa  w ere  a l s o  compared a t  Nobska 
P o i n t ,  M a s s a c h u s e t t s .
H ya le  n i l s s o n i  was t h e  m ost a b u n d a n t  a l g a l - i n h a b i t i n g  amphipod a t  
New H am pshire  s tu d y  s i t e s  w here  a l g a l  m orphology i n  t u r n  was im p o r ta n t  
f o r  a l g a l  s p e c i e s  p r e f e r e n c e .  The f i l a m e n to u s  a l g a ,  P o ly s ip h o n ia  
l a n o s a , was r e a d i l y  consumed and m ost p r e f e r r e d  by H. n i l s s o n i  i n  l a b ­
o r a t o r y  and f i e l d  s t u d i e s .  L a b o r a to r y  s t u d i e s  showed t h a t  i n  t h e  
a b s e n c e  o f  _P. l a n o s a , II. n i l s s o n i  c h o o se s  e p h e m e ra ls  o v e r  t h e  r o b u s t ,  
p e r e n n i a l s  Fucus s p i r a l i s  and A scophyllum  nodosum f o r  s h e l t e r .  Scan­
n in g  e l e c t r o n  m ic ro sc o p e  e x a m in a t io n  showed t h a t  I?, l a n o s a  s u p p o r te d  
t h e  g r e a t e s t  abundance  o f  e p im ic r o b io t a  among examined a l g a e .  I t  was 
s u g g e s te d  t h a t  P_. l a n o s a , w i th  i t s  d e n s e ly  and f i n e l y  b ran ch ed  f r o n d s ,  
o f f e r e d  g r e a t e r  p r o t e c t i o n  from p r e d a t o r s  and d e s i c c a t i o n .
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At Nobska P o i n t ,  a l t h o u g h  some m i c r o h a b i t a t  o v e r l a p  o c c u r r e d  
betw een  II. n i l s s o n i  and H. p lu m u lo s a , t h e  fo rm e r  was m ost a bundan t  
among f r o n d s  o f  _F. s p i r a l i s , w h i l e  t h e  l a t t e r  was m ost a b u n d a n t  in  
s a n d - g r a v e l .  C o l o r a t i o n  and s u b s t r a tu m  p r e f e r e n c e  may be  c o r r e l a t e d .
In  t h e  l a b o r a t o r y ,  l i t t l e  I n t e r m i n g l i n g  o f  t h e  two s p e c i e s  o c c u r r e d  
and no i n t e r s p e c i f i c  p a i r i n g  o f  t h e  s e x e s  was o b s e rv e d .
U l t r a s t r u c t u r e  o f  t h e  m o u th p a r t s  i n d i c a t e d  t h a t  b o th  s p e c i e s  a r e  
e qu ipped  t o  m a c e ra te  food  m a t e r i a l ,  w i t h  t h e  a s s i s t a n c e  o f  c o a r s e  t o o t h  
s e t a e .  H y a le  p lu m u lo sa  a l s o  had f i n e  t o o t h  s e t a e ,  and p lum ose a n te n n a e .  
These  a n te n n a e  c o u ld  b e  b e n t  to w a rd s  t h e  mouth and b ru sh e d  p a s t  t h e  
f i n e  t o o t h  s e t a e  a l lo w in g  t h e  i n g e s t i o n  o f  s m a l l e r  p a r t i c l e s  commonly 
found i n  t h e  s a n d - g r a v e l  s u b s t r a tu m .
Body s i z e  o f  H. n i l s s o n i  i n  New H am pshire  h a b i t a t s  d i f f e r e d .  Body 
s i z e s  t e n d e d  t o  b e  i n v e r s e l y  r e l a t e d  t o  w a te r  t e m p e r a t u r e s .  The s m a l l e r  
e s t u a r i n e  a d u l t  s i z e  d i d  n o t  d e t e r  r e p r o d u c t i o n  betw een  open c o a s t a l  
and e s t u a r i n e  a d u l t s .  S m a l le r  o v ig e r o u s  fe m a le  body s i z e  was a s s o c i a t e d  
w i th  r e d u c e d  f e c u n d i t y .  At b o th  New Ham pshire  l o c a t i o n s ,  s p r i n g  o v i ­
g e ro u s  f e m a le s  w ere  l a r g e r  i n  s i z e  and n u r t u r e d  l a r g e r  b ro o d s  th a n  sum­
mer - f a l l  o v ig e r o u s  f e m a le s .
S i m i l a r  body s i z e  and f e c u n d i t y  v a r i a t i o n  w ere  n o te d  a t  Nobska 
P o i n t ;  how ever, b ro o d in g  b e h a v io r  d i f f e r e d  be tw een  s p e c i e s .  I n  t h e  
l a b o r a t o r y ,  o n ly  one brood  p e r  fe m a le  r e s u l t e d  i n  j u v e n i l e s  f o r  H. 
n i l s s o n i , w h i l e  H. p lu m u lo sa  had up to  f o u r  b ro o d s  p e r  f e m a le .  Timing 
o f  j u v e n i l e  r e c r u i t m e n t  c o r re s p o n d e d  w i th  i n c r e a s e d  w a te r  t e m p e r a t u r e .  
H ya le  n i l s s o n i  r e p ro d u c e d  i n  A p r i l ,  w h i l e  H. p lu m u lo sa  began  r e p r o ­
d u c t io n  i n  May. J u v e n i l e s  o f  b o th  s p e c i e s  o c c u p ie d  a l g a l  f r o n d s .  D i f ­
f e r e n c e s  i n  t h e  t im in g  o f  r e p r o d u c t i o n  m ig h t  be im p o r ta n t  in  s u c c e s s f u l
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c o - e x i s t e n c e  o f  t h e  s p e c i e s .
J u v e n i l e s  from  open c o a s t a l  and e s t u a r i n e  h a b i t a t s  d id  n o t  d i f f e r  
i n  t e m p e r a t u r e - s a l i n i t y  t o l e r a n c e .  S u r v iv a l  o f  j u v e n i l e s  from b o th  
h a b i t a t s  a t  v a r i o u s  t e m p e r a t u r e - s a l i n i t y  c o m b in a t io n s  was n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  a s  shown by 5-way ANOVA. S u r v i v a l  i n c r e a s e d  w i th  
s a l i n i t y  from  0  t o  30 ° / o o ,  b u t  d e c re a s e d  s l i g h t l y  a t  40 ° / o o ,  and was 
low er a t  h i g h e r  t e m p e r a t u r e s .  Broad e n v i ro n m e n ta l  t o l e r a n c e  o f  ju v e n ­
i l e s  would f a c i l i t a t e  s u r v i v a l  i n  a  v a r i e t y  o f  h a b i t a t s .
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GENERAL INTRODUCTION
Two s p e c i e s  o f  t h e  amphipod c r u s t a c e a n  genus H ya le  o v e r l a p  i n  g eo ­
g r a p h i c a l  d i s t r i b u t i o n  i n  t h e  New England  a r e a .  H ya le  n i l s s o n i  (R athke)  
1843 and H yale  p lu m u lo sa  (S tim pson) 1853 i n h a b i t  t h e  i n t e r t i d a l  zone 
( B o u s f i e ld ,  1973), and b o th  s p e c i e s  p o s s e s s  m o rp h o lo g ic a l  c h a r a c t e r i s ­
t i c s  ( e . g . ,  a b b r e v i a t e d  u rosom e, " i n s e c t - l i k e "  b u c c a l  m ass ,  l a c k  o f  
m a n d ib u la r  p a lp )  p e c u l i a r  t o  t a l i t r o i d e a n  amphipod c r u s t a c e a n s  t h a t  a r e  
m o d i f i c a t i o n s  f o r  l i f e  on la n d  (B u ly ch e v a ,  1957).
H ya le  n i l s s o n i  i s  a m p h i - A t la n t i c  i n  d i s t r i b u t i o n  ( B o u s f i e ld ,  1973). 
In  n o r th w e s t e r n  Europe i t  o c c u r s  from Norway t o  w e s te r n  F ra n c e ,  w h i l e  
on N o r th  Am erican s h o re s  i t  i s  found  from s o u th e r n  L ab rad o r  and t h e  S t .  
Lawrence e s t u a r y  t o  C o n n e c t i c u t .  On b o th  c o a s t s  o f  t h e  A t l a n t i c  o c e a n ,  
t h i s  s p e c i e s  w i t h s t a n d s  r i g o r o u s  w i n t e r  c o n d i t i o n s .  H ya le  n i l s s o n i  i s  
t y p i c a l l y  found on open  c o a s t a l  ro c k y  s h o r e s ,  b u t  a l s o  e x te n d s  i n t o  
e s t u a r i e s  (G o o d h a r t ,  1941; H a r to g ,  1963). In  b o th  h a b i t a t s ,  i t  o c c u rs  
p r i m a r i l y  i n  a l g a e  a t t a c h e d  t o  ro c k y  o r  s to n y  s u b s t r a t a  (Coleman, 1940; 
G o o d h a r t ,  1941; J o n e s ,  1948; M eyer, 1953; H a r to g ,  1963; Moore, 1977).
H ya le  p lu m u lo sa  i s  w id e s p re a d  a lo n g  t h e  N o r th  American P a c i f i c  
c o a s t  from A la sk a  t o  s o u th e r n  C a l i f o r n i a  (E . B o u s f i e l d ,  p e r s o n a l  com­
m u n ic a t io n )  , and on t h e  A t l a n t i c  c o a s t  from Cape Cod t o  Chesapeake 
Bay ( B o u s f i e ld ,  1973). C l i m a t i c a l l y ,  i t  o c c u r s  i n  w i n t e r - m i ld  r e g i o n s .  
H ya le  p lu m u lo sa  l i v e s  m a in ly  on s u r f  p r o t e c t e d  c o a s t s ,  u n d e r  s to n e s  
and w i t h in  g r a v e l  ( B o u s f i e l d ,  1973) e s p e c i a l l y  in  e s t u a r i e s  and in  
w a te r s  o f  re d u c e d  s a l i n i t i e s  (E .L . B o u s f i e l d ,  p e r s o n a l  co m m u n ica t io n ) .  
Only t h e  p r e s e n c e  o f  H_. n i l s s o n i  and H. p lu m u lo sa  on t h e  N o r th  American
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2c o a s t  i s  r e c o r d e d ,  w h i l e  i n  t h e  e a s t e r n  A t l a n t i c ,  o n ly  Moore C1977) h a s  
examined t h e  e c o lo g y  o f  H. n i l s s o n i .
T h is  t h e s i s  c o n c e rn s  p r i m a r i l y  H. n i l s s o n i , u n d e r  t h r e e  g e n e r a l  
t o p i c s :  1 ) l i f e  h i s t o r y  and g e n e r a l  e c o lo g y ,  2 ) a n i m a l - a l g a l  r e l a t i o n ­
s h i p s ,  and 3) t e m p e r a t u r e - s a l i n i t y  re g im e s  and e n v i ro n m e n ta l  t o l e r a n c e s .  
S t u d ie s  w ere  c a r r i e d  o u t  p r i m a r i l y  a t  New Ham pshire  h a b i t a t s  w i t h  one 
e x c e p t io n ,  i . e .  t h e  c o - e x i s t e n c e  o f  H. n i l s s o n i  w i th  i t s  c o n g e n e r ,  H. 
p lum u losa  (S tim pson)  1853, a t  Nobska P o i n t ,  M a s s a c h u s e t t s .
SECTION I  
LIFE HISTORY AND GENERAL ECOLOGY
I .  INTRODUCTION
The p r i m a r y  o b j e c t i v e  o f  t h i s  r e s e a r c h  was t o  exam ine t h e  
l i f e  h i s t o r y  and g e n e r a l  e c o lo g y  o f  H. n i l s s o n i  ( F ig .  1) a t  two con­
t r a c t i n g  New H am pshire  h a b i t a t s .  S e c o n d ly ,  t h e  m i c r o h a b i t a t  d i s t r i b u ­
t i o n  and l i f e  h i s t o r y  o f  s y m p a tr ic  H. n i l s s o n i  and H. p lu m u lo sa  were 
examined s e a s o n a l l y  a t  Nobska P o i n t ,  M a s s a c h u s e t t s  ( F i g .  2 ) .  Com­
p a r a t i v e  m orphology o f  t h e  m o u th p a r ts  was a c c o m p lish e d  t o  exam ine t h e  
r o l e s  o f  t h e  v a r i o u s  s t r u c t u r e s  u sed  d u r in g  f e e d in g  and t h e  g r a z in g  
c a p a b i l i t i e s  o f  t h e s e  a n im a ls .
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5F ig u re  1 .  H yale  n i l s s o n i
(<?<?, 8 .0  mm i n  l e n g t h ,  from  O d i o r n e 's  P o i n t ,  N .H .)

I I .  MATERIALS AND METHODS
F i e l d  C o l l e c t i o n s
Two New H am pshire  h a b i t a t s ,  open c o a s t a l  O d i o r n e 's  P o i n t  ( F ig .  3) 
and e s t u a r i n e  Broad Cove ( F ig .  4) w ere  sampled from August 1976 to  
J u ly  1977. S e a s o n a l  c o l l e c t i o n s  made i n  A u g u s t ,  November, F e b ru a ry ,  
and May w ere  d e s ig n e d  t o  exam ine t h e  l i f e  h i s t o r y  and t o  r e l a t e  t h e  
number o f  i n d i v i d u a l s  o f  H. n i l s s o n i  and i t s  a s s o c i a t e d  f a u n a  i n h a b i t ­
ing  a  p a r t i c u l a r  s p e c i e s  o f  a l g a e  i n  e a ch  i n t e r t i d a l  zone  ( f o r  d e t a i l s  
on an im a l  abundance  s e e  I I ,  A n im a l-A lg a l  R e l a t i o n s h i p s ) .  These  
c o l l e c t i o n s  w ere  b ased  on d i v i d i n g  t h e  i n t e r t i d a l  zone  (by hand l e v e l  
and t i d e  p o le )  i n t o  low, mid and h ig h  a r e a s .  W ith in  e a c h  a r e a ,  r a n ­
domly s c a t t e r e d  t r i p l i c a t e  sam ples  o f  each  o f  t h e  ab u n d an t  a l g a l  
s p e c i e s  ( Fucus s p i r a l i s , _F. v e s i c u l o s i s , A scophyllum  nodosum, P o l y s i ­
phon i a  l a n o s a , Chondrus c r i s p u s  and G i g a r t i n a  s t e l l a t a  a t  O d i o r n e 's  
P o i n t ;  and _F. v e s i c u l o s u s  v a r .  s p i r a l i s  and A. nodosum a t  Broad Cove) 
were t a k e n  and p la c e d  q u ic k ly  i n  1 g a l l o n  p l a s t i c  bags  (H. n i l s s o n i  
t e n d s  to  hop when d i s t u r b e d ) . Only m o is t  u n d e r ly in g  f r o n d s  w ere  
sam pled . During m on th ly  c o l l e c t i o n s  d e s i g n e d  to  exam ine t h e  l i f e  
h i s t o r y  o f  H. n i l s s o n i , o n ly  t h e  m ost dom inan t a l g a l  s p e c i e s  w ere  
c o l l e c t e d  w i t h in  e ach  l e v e l .  C o l l e c t i o n s  o f  a n im a ls  w i t h i n  t h e  
g r a v e l  s u b s t r a t a  (hand p ic k e d  w i t h  f o r c e p s )  w ere  random ly  made 
m onth ly  f o r  15 m in u te  i n t e r v a l s  p e r  i n t e r t i d a l  l e v e l  d u r in g  1977 to  
d e te rm in e  t h e  p r e s e n c e  o f  H. n i l s s o n i .
7
F iv e  a d d i t i o n a l  l o c a t i o n s  w ere  sampled w i t h in  t h e  G re a t  Bay 
E s t u a r i n e  System  d u r in g  1977 t o  d e te r m in e  t h e  s e a s o n a l  p r e s e n c e  o f  
H. n i l s s o n i ; Sp inney  C reek ,  t h e  i n t a k e  and d i s c h a r g e  a r e a  o f  t h e  
Newington G e n e ra t in g  S t a t i o n  on t h e  P i s c a t a q u a  R iv e r ,  O y s te r  R iv e r ,  
Adam's P o in t  and B r a c k e t t ' s  P o i n t  ( F ig .  2 ) .
To s tu d y  t h e  c o - e x i s t e n c e  o f  t h e  two s p e c i e s  o f  H y a le , s e a s o n a l  
a l g a l  OF. s p i r a l i s )  and g r a v e l  c o l l e c t i o n s  w ere  made a t  Nobska P o i n t , 
Mass. D uring 1977, a  3 g a l l o n  p l a s t i c  bag was f i l l e d  w i t h  a l g a e ,  and 
g r a v e l  was sampled f o r  15 m in u te s  on e ach  sam p ling  d a t e .  S in c e  t h i s  
c o l l e c t i o n  method d id  n o t  a d e q u a t e ly  sam ple  t h e  s a n d - g r a v e l  s u b s t r a tu m ,  
1979 c o l l e c t i o n s  w ere  b a sed  on exam in ing  a l g a e  and g r a v e l  e a ch  f o r  
1 - 1 / 2  h o u rs  e v e ry  s e a s o n .
A lg a l  sam ples  w ere shaken  v i g o r o u s l y  i n  4% b u f f e r e d  f o r m a l i n .  
Animals and f o r m a l in  w ere  t h e n  d e c a n te d  i n t o  a  meshed n e t  (250 x 50 ym 
p o re  s i z e ) .  Anim als w ere  p r e s e r v e d  i n  70% a l c o h o l .  G ra v e l  c o l l e c t i o n s  
were s i m i l a r l y  t r e a t e d .  W ater  t e m p e r a tu r e  and s a l i n i t y  w ere  d e t e r ­
mined w i th  a  m erc u ry  th erm om ete r  and a r e f r a c t o m e t e r  (Am erican O p t i c a l  
C o r p o r a t io n ) ,  r e s p e c t i v e l y .
L i f e  H i s to r y
When p o s s i b l e ,  a t  l e a s t  100 a n im a ls  w ere  p r o c e s s e d  p e r  month f o r  
l i f e  h i s t o r y  s t u d i e s .  L a rg e  sam ples  were subsam pled  w i th  a  Folsom 
P la n k to n  S p l i t t e r .  Hager (1977) found t h i s  to  be a  r e l i a b l e  sub ­
sam pling  m ethod , and t h a t  i t  a c c u r a t e l y  m a in ta in e d  th e  r e l a t i v e  p r o ­
p o r t i o n s  o f  v a r i o u s  s i z e  c l a s s e s .  E x t r a p o l a t i o n s  were made from sub ­
samples to  r e p r e s e n t  t h e  o r i g i n a l  sam ple  s i z e .
9Body l e n g t h  m easurem ents  and s e x  d e t e r m i n a t i o n s  were made 
u s in g  a  b i n o c u l a r  d i s s e c t i n g  m ic ro sc o p e  e q u ip p e d  w i th  an o c u l a r  
m ic ro m e te r .  Body l e n g t h s  were m easured  from  th e  b a se  o f  th e  f i r s t  
a n te n n a e  to  th e  b a se  o f  t h e  t e l s o n .  I n d i v i d u a l s  w ere a s s i g n e d  to  
th e  f o l lo w in g  l i f e  s t a g e s  a c c o r d in g  to  th e  p r e s e n c e  and t h e  c o n d i­
t i o n  o f  e x t e r n a l  r e p r o d u c t i v e  s t r u c t u r e s :
. ju v e n i le  -  no d i s c e r n i b l e  s e c o n d a ry  s e x u a l  c h a r a c t e r i s t i c s .
male -  t e s t i c u l a r  p a p i l l a e  p r e s e n t  a t  t h e  b a s e  o f  p e ra e o p o d  7.
m a tu r in g  fem a le  -  o o s t e g i t e s  a t  b a s e  o f  p e ra e o p o d s  2-5  w i th o u t  
s e t a e .
o v ig e ro u s  fem ale  -  eggs o r  j u v e n i l e s  p r e s e n t  i n  th e  b ro o d  pouch .
p o s to v ig e r o u s  fem a le  -  o o s t e g i t e s  w i th  s e t a e  p r e s e n t ,  no b ro o d .
i n t e r s e x  -  t e s t i c u l a r  p a p i l l a e  p r e s e n t ,  and o o s t e g i t e s  a s  buds 
a t  b a s e  o f  1  o r  more p e ra e o p o d s .
Undamaged b ro o d s  were removed and used  i n  f e c u n d i ty  m easu rem en ts .
F e c u n d i ty  was d e f i n e d  as  th e  number o f  eggs i n  a b ro o d  pouch .
Body s i z e s  and f e c u n d i t y  m easurem ents  were exam ined by a n a l y s i s  
o f  v a r i a n c e .  In  c i r c u m s ta n c e s  where v a r i a n c e s  were n o t  homogeneous 
a t  th e  0 .0 1  l e v e l  u s in g  an f  max t e s t ,  th e  p rogram  COMPAR was used  
( s e e  B a r r e t t  and N u t t ,  1975; B row nlee , 1965; and Rem ington and 
Schork , 1976 f o r  a d e t a i l e d  a c c o u n t  o f  th e  two sam ple t e s t  w i th  
unequa l  v a r i a n c e s  w hich t e s t s  t h e  e q u a l i t y  o f  m eans) .
L a b o r a to ry  O b s e r v a t io n s  and E x p e r im e n ta l  S tu d ie s  
R e p ro d u c tio n
Ten p a i r s  o f  11. n i l s s o n i  i n  am plexus were c o l l e c t e d  from O d i o r n e 's  
P o i n t  d u r in g  s p r i n g  1978 and p l a c e d  i n  s e p a r a t e  1 Z  p l a s t i c  c o n t a i n -
10
F ig .  2 .  Map o f  sam p lin g  l o c a t i o n s  i n  New H am psh ire ,  Maine and 
M a s s a c h u s e t t s .  (1 O d i o r n e 's  P o i n t ,  2 Sp inney  C reek ,
3 i n t a k e  and d i s c h a r g e  a r e a  o f  N ew ington G e n e r a t in g  
S t a t i o n ,  4 Broad Cove, 5 O y s te r  R i v e r ,  6  Adam's P o i n t ,  


























e r s  s u p p l i e d  w i t h  s e a w a t e r  an d  a l g a e .  S e a w a te r  was c h a n g ed  w e e k ly .  
Each c o n t a i n e r  was ex am in ed  d a i l y  f o r  m o r t a l i t y  o f  a n i m a l s ,  m o l t i n g ,  
and  t h e  p r e s e n c e  o f  b r o o d s .  The f o l l o w i n g  d a t a  w ere  r e c o r d e d  f o r  
e a ch  p a i r :  1 ) e l a p s e d  t im e  fro m  i s o l a t i o n  to  b ro o d  d e p o s i t i o n ;  2 )
e l a p s e d  t im e  from  f i n a l  f e m a le  m o l t  to  b ro o d  d e p o s i t i o n ;  3) t h e  
l e n g t h  o f  t h e  b r o o d in g  p e r i o d ;  and  4) t h e  num ber o f  b r o o d s .  A dd i­
t i o n a l  o b s e r v a t i o n s  w ere  made on f a l l  1977 m a t in g s  an d  open  c o a s t a l -  
e s t u a r i n e  s p r i n g  1979 m a t in g s  o f  j l .  n i l s s o n i . The b r e e d i n g  p e r i o d  
and  number o f  b r o o d s  o f  H. p lu m u lo s a  w ere  a l s o  exam ined  d u r in g  
s p r i n g  1979.
G e n e r a l  L a b o r a t o r y  O b s e r v a t i o n s
D u r in g  t h e  c o u r s e  o f  t h i s  s t u d y ,  l i v e  II. n i l s s o n i  and  H. p lum u­
l o s a  w ere  c o l l e c t e d  p e r i o d i c a l l y  and  k e p t  i n  p l a s t i c  c o n t a i n e r s  i n  
the  l a b o r a t o r y .  These am phipods  w ere  u s e d  f o r  o b s e r v a t i o n s  on p o p u l a ­
t i o n  i n t e r a c t i o n s ,  e s c a p e  m ech an ism s , s u b s t r a t u m  p r e f e r e n c e ,  and  
f e e d i n g  b e h a v i o r .
M o u th p a r t  M orphology
A d u l t  s p r i n g  s p e c im e n s  o f  H. n i l s s o n i  an d  II. p lu m u lo s a  w ere  
c o l l e c t e d  an d  e x a m in ed  w i t h  a n  A.M.R. 1 ,000A  s c a n n i n g  e l e c t r o n  
m ic r o s c o p e .  H eads o f  H y a le  s p . ( w i th  c e r t a i n  m o u th p a r t s  rem oved) 
w ere  p r e p a r e d  to  exam ine  s p e c i f i c  u n d e r l y i n g  m o u t h p a r t s .  In  
a d d i t i o n ,  t h e  s e c o n d  a n t e n n a  o f  H. p lu m u lo s a  and  t h e  b ro o d  p l a t e s  
o f  o v i g e r o u s  f e m a le s  from  b o t h  s p e c i e s  w ere  rem oved and  e x a m in ed .
Spec im ens w e re  f i x e d  i n  3% g l u t a r a l d e h y d e  i n  0 .4 5  urn membrane 
f i l t e r e d  s e a w a t e r  f o r  10 h o u r s ,  w ashed  w i t h  0 .4 5  urn f i l t e r e d  s e a ­
w a t e r ,  p o s t - f i x e d  i n  2% OsO^ i n  0 .4 5  um f i l t e r e d  s e a w a t e r  f o r  30 
m in u t e s ,  an d  d e h y d r a t e d  th r o u g h  an  e t h a n o l  s e r i e s .  S pec im ens  w ere
k
th e n  c r i t i c a l  p o i n t  d r i e d  (Sam dri C .P .D . (Tousim as) ) ,  mounted on 
aluminum s t u b s  and  c o a te d  w i th  200A o f  g o l d /p a l l a d iu m  (6 0 /4 0 )  i n  
a Ladd Vacuum E v a p o r a to r .
III. RESULTS
F i e l d  S tu d ie s  i n  New Hampshire
The P h y s i c a l  Environm ent
O d io r n e 's  P o in t  (F ig .  3) and Broad Cove, N.H. ( F ig .  4) d i f ­
f e r e d  i n  a number o f  e n v i ro n m e n ta l  f a c t o r s  (T ab le  1 ) .  On th e  
open c o a s t ,  t h e r e  was a s m a l l e r  r an g e  i n  s u r f a c e  low w a te r  tem per­
a t u r e s  ( - 1 . 0  to  1 8 ° C ) , and s a l i n i t y  (2 8 .0  to  3 2 .0 ° / o o ,  a s  compared 
to  th e  e s t u a r i n e  l o c a t i o n  ( - 1 . 0  to  29 .0°C  and 0 .0  to  2 8 .0  ° /o o  
r e s p e c t i v e l y )  ( F ig s .  5 & 6 ) .  W ater t e m p e ra tu re  and s a l i n i t y  
f l u c t u a t i o n s  a t  Broad Cove were due to  th e  s h a l lo w  w a te r  b a s in  
and f r e s h w a t e r  i n f l u x  i n t o  t h e  G rea t  Bay E s t u a r i n e  System . The a d ­
j a c e n t  K nigh t Brook a c c e n t u a t e d  t h e s e  t r e n d s  a t  Broad Cove.
L i f e  H i s to r y
Hyale  n i l s s o n i  m a in ly  i n h a b i t e d  i n t e r t i d a l  a l g a e ,  b u t  f i e l d  
o b s e r v a t io n s  showed t h a t  a s m a l l  number o f  i n d i v i d u a l s  moved from 
a lg a e  i n t o  g r a v e l  where t e m p e ra tu re s  were h ig h e r  d u r in g  w i n t e r .  Broad 
Cove i n d i v i d u a l s  w ere abundan t  w i t h i n  th e  g r a v e l  d u r in g  December, 
w h i le  a t  O d io r n e 's  P o in t  a more e v en ,  low abundance  o f  a n im a ls  
o c c u r r e d  d u r in g  th e  y e a r ,  w i th  a s l i g h t  i n c r e a s e  d u r in g  c o ld e r  
m onths. In  New H am pshire , H. n i l s s o n i  was n o t  r e c o r d e d  s u b -  
t i d a l l y  ( p e r s o n a l  o b s e r v a t i o n s ;  T. G lennon, p e r s o n a l  communica­
t io n )  , n o r  was th e  s p e c i e s  abundan t  i n  t i d e p o o l s  d u r in g  c o ld e r  
months, ( p e r s o n a l  o b s e r v a t i o n ) .  However, d u r in g  warm summer
F ig .  3. O d i o r n e 's  P o i n t ,  N.H. i l l u s t r a t i n g  th e  sam pled  rocky  
i n t e r t i d a l  zone .
F ig .  4 .  Broad Cove, N.H. i l l u s t r a t i n g  th e  sam pled ro c k y  i n t e r t i d a l  
z o n e .
-  —
W B m m
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T a b le  1 . Some P h y s i c a l  C h a r a c t e r i s t i c s  o f  O d io r n e 's  P o i n t ,  Broad Cove, and Nobska P o i n t .  
L o c a t io n  Exposure  S u b s tra tu m  Abundant Algae Mean T id a l  Range (m.)
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F ig .  5 .  Low t i d e  t e m p e r a tu r e s  (°C) a t  O d io r n e 's  P o i n t  (OP) and 














Fig. 6 S u r fa c e  low t i d e  s a l i n i t i e s  (°/oo) a t  O diorne  ’ s  P o in t  (OP) 













m onths ,  i n d i v i d u a l s  i n h a b i t e d  h ig h  t i d e p o o l s  w i th  a b u n d a n t  g re e n  
f i l a m e n to u s  a l g a e .  The s p e c i e s  was p r e s e n t  d u r in g  a l l  s e a s o n s  a t  
f i v e  a d d i t i o n a l  e s t u a r i n e  l o c a t i o n s .
A lg a l  i n h a b i t i n g  i n d i v i d u a l s  w ere  u se d  t o  i l l u s t r a t e  l i f e  h i s t o r y  
phenomena. No o b v io u s  d i f f e r e n c e s  w ere  n o te d  i n  l i f e  s t a g e  com posi­
t i o n  f o r  t h e  t h r e e  i n t e r t i d a l  l e v e l s  sam pled , c o n s e q u e n t ly  t h e  d a t a  
were combined f o r  p r e s e n t a t i o n .
Two j u v e n i l e  r e c r u i t m e n t  p e a k s  o c c u r r e d  d u r in g  t h e  y e a r  ( s p r i n g  
and s u m m e r- f a l l )  b o th  on t h e  open c o a s t  and w i t h i n  t h e  E s tu a r y  ( F ig s .
7 & 8 ) .  T hese  p e a k s  o c c u r r e d  e a r l i e r  w i t h i n  t h e  E s t u a r y  w i t h  t h e  
s p r in g  peak  c o i n c i d i n g  w i th  i n c r e a s i n g  w a te r  t e m p e r a t u r e s  a t  b o th  
l o c a t i o n s .  The abundance  o f  o v ig e r o u s  fe m a le s  i n c r e a s e d  p r i o r  to  
o r  d u r in g  t h e s e  s p r in g  and s u m m e r- f a l l  p e a k s  ( F i g s .  9 & 1 0 ) .  S p r in g  
o v ig e r o u s  fe m a le s  e x h i b i t e d  l a r g e r  body s i z e  and h i g h e r  f e c u n d i t y  
th a n  s u m m e r- f a l l  o v ig e r o u s  f e m a le s  (T a b le  2 ,  a l s o  s e e  Appendix  A f o r  
r e s u l t s  o f  a n a l y s i s  o f  v a r i a n c e ,  and t h e  summary s t a t i s t i c  t a b l e s ) . 
These  l a t t e r  f e m a le s ,  s m a l l e r  and l e s s  f e c u n d ,  w ere  s p r i n g - r e c r u i t e d  
j u v e n i l e s  t h a t  s u b s e q u e n t ly  grew  and m atu red  o v e r  t h e  summer. Ovi­
g e ro u s  fe m a le s  w ere  l a r g e r  i n  body s i z e  on t h e  open c o a s t  d u r in g  
b o th  t im e  p e r i o d s ,  w h i l e  f e c u n d i t y  was g r e a t e r  on t h e  open c o a s t  
o n ly  d u r in g  l a t e  su m m er-ea r ly  f a l l  ( s e e  Appendix A). P o s to v ig e r o u s  
fe m a le s  com prised  a maximum o f  0 .5  to  2.0% o f  t h e  t o t a l  p o p u l a t i o n  
a t  b o th  l o c a t i o n s .  The g e n e r a t i o n  t im e  f o r  H. n i l s s o n i  was a p p r o x i ­
m a te ly  one y e a r .
A d u l t s  made up t h e  g r e a t e s t ;  p e r c e n ta g e  of t h e  p o p u l a t i o n  
d u r in g  t h e  w in t e r  and e a r l y  s p r in g  a t  O d i o r n e 's  P o in t  and Broad
23
F ig .  7 . P e r c e n t  c o m p o s i t io n  o f  m ales  ((?<?), f e m a le s  (9?)  and
j u v e n i l e s  a t  O d i o r n e 's  P o i n t ,  N.H. from  A ugust 1976
to  J u l y  1977. Numbers a lo n g  uppe r  h o r i z o n t a l  a x i s
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F ig .  8 . P e r c e n t  c o m p o s i t io n  o f  m a le s  ( ) ,  f e m a le s  ( ? ?  ) and
j u v e n i l e s  a t  Broad Cove, N.H. from August 1976 t o  J u ly  
1977. Numbers a lo n g  u p p e r  h o r i z o n t a l  a x i s  r e f e r  t o  t o t a l  
number o f  a n im a ls  c o l l e c t e d  f o r  t h a t  month.
Number of Hyale 5522100
A— A cfcf
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F ig .  9 .  P e r c e n t  c o m p o s i t io n  o f  o v ig e r o u s  f e m a le s  and j u v e n i l e s  a t  
















F ig .  10. P e r c e n t  c o m p o s i t io n  o f  o v ig e r o u s  fe m a le s  and j u v e n i l e s  
a t  Broad Cove, N.H. from  August 1976 t o  J u l y  1977.
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T a b le  2 .  F e c u n d i ty  o f  H yale  n i l s s o n i  i n  New Ham pshire
X s i z e  +  1 S.D.(mm) F e c u n d i ty  + 1 S.D.
o f  o v ig e ro u s_______
Spring
O d io r n e 's  P o in t  
Broad Cove 
Summer-Fall
O d io rn e ' s P o in t  
Broad Cove
8 .2  + 0 .9  (79)
7 .1  + 0 .9  (31)
6 .8  + 0 .7  (17)
5 .2  + 1 .1  (27)
3 1 .4  + 1 0 .7  (61) 
3 0 .8  + 11 .6  (26)
1 6 .1  + 4 .9  (14)
1 0 .5  + 3 .2  (17)
Note: S p r in g  a t  O d io r n e 's  P o in t  i n c l u d e s  A p r i l  and May; a t  Broad Cove
i t  i n c l u d e s  A p r i l ,  May and J u n e .  S u m m e r-fa l l  a t  O d io r n e 's  P o in t  
i n c l u d e s  A u g u s t ,  S ep tem ber,  O c tober  and November; a t  Broad Cove, 
i t  i n c l u d e s  J u l y ,  A u g u s t ,  Septem ber and O c to b e r .
F e c u n d i ty  b a se d  on i n t a c t  ? ?  w i th  e g g s .  Number o f  a n im a ls  
in  p a r e n t h e s e s .
32
Cove(RLgs.,7 & 8 ) . I n t e r s e x e s  a t  t h i s  t im e  c o m p r ise d  o f  0 .5  t o  2.0% o f  
t h e  t o t a l  p o p u l a t i o n ,  and w e re  n o t  fo u n d  d u r in g  o t h e r  s e a s o n s .
Open c o a s t a l  a d u l t s  w ere  u s u a l l y  l a r g e r  th a n  e s t u a r i n e  
a d u l t s ,  w h i l e  m a le s  w ere  l a r g e r  th a n  f e m a le s  ( s e e  A p p en d ix  A 
and F i g s .  11 & 1 2 ) .  No p ro n o u n c e d  h a b i t a t  d i f f e r e n c e  i n  j u v e ­
n i l e  body s i z e  was a p p a r e n t  ( s e e  A ppend ix  A and F i g .  1 3 ) .
L a b o r a t o r y  S t u d i e s  on New H am psh ire  P o p u l a t i o n s  
R e p ro d u c t io n
M ating  o f  H. n i l s s o n i  c o m p r ise d  a m p le x u s ,  m o l t i n g  o f  t h e  
f e m a le s ,  f e r t i l i z a t i o n ,  t h e  s e p a r a t i o n  o f  t h e  p a i r s  and  o v i -  
p o s i t i o n  ( 2  t o  6  d ay s  f rom  p a i r  i s o l a t i o n  to  b ro o d  d e p o s i t i o n ) .
Eggs d e v e lo p e d  w i t h i n  t h e  m arsup ium  d u r in g  t h e  f o l l o w i n g  26 to  
30 d a y s .  D u r in g  t h i s  t im e ,  s e v e r a l  f e m a le s  w ere  s e e n  f o r c i n g  
eggs o u t  o f  t h e i r  pouch  and  consum ing  them . How ever, e g g s  e x ­
p e r i m e n t a l l y  removed from  t h e  m arsup ium  and k e p t  a t  e n v i r o n m e n t a l  
c o n d i t i o n s  i n  c o n t a i n e r s  d e v e lo p e d  i n t o  j u v e n i l e s .
J u v e n i l e s  w ere  random ly  d i s p e r s e d  w i t h i n  t h e  f e m a l e ' s  m arsu ­
pium f o r  2  t o  8  d a y s  and  l e f t  and r e t u r n e d  t o  t h e  pouch  d u r i n g  
t h i s  t im e .  E x i t  and  e n t r y  th r o u g h  t h e  s e t o s e  o o s t e g i t e s  ( F i g s .
14 & 1 5 ) were a t t a i n e d  by h e a d  on t h r u s t s  o f  t h e  j u v e n i l e ' s  body .
Most l i k e l y  t h e  e n tw in e d  c u r l e d  s e t a e  o f  t h e  b rood  p l a t e s  a id e d  
to  r e t a i n  a l l  b u t  th e  m ost a c t i v e  j u v e n i l e s .  T o t a l  j u v e n i l e  
r e l e a s e  r e s u l t e d  from  f l e x i o n  o r  m o l t i n g  by t h e  f e m a le .
A l l  m a le s  d i e d  b e f o r e  f e m a le s ,  and a l l  p o s t - r e p r o d u c t i v e  
fem a le s  d i e d  i n  t h e  l a b .  However, one i s o l a t e d  f a l l  o v i g e r o u s  
fem a le  s u r v i v e d  d u r i n g  th e  w i n t e r  u n d e r  l a b o r a t o r y  c o n d i t i o n s ,

F ig .  11 . M onth ly  mean l e n g t h s  + 1  S.D. o f  m ales  a t  O d i o r n e 's  P o in t  
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F ig .  12. M onth ly  mean l e n g t h s  +  1 S.D. o f  f e m a le s  a t  O d i o m e 's


















F i g .  13. M onthly mean l e n g t h s  + 1 S .D . o f  j u v e n i l e s  a t  O d i o m e 's  
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F ig . 14 . S e to se  b rood  p l a t e s  o f  o v ig e ro u s  fem a le  o f  H. n i l s s o n i . 
X 1483.
F ig .  15 . I n te r lo c k in g  s e ta e  o f  b ro o d  p l a t e s  o f o v ig e ro u s  fem a le  
o f  H. n i l s s o n i  X 5264.
'3lk
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and a f t e r  p a i r i n g  w ith  a  m ale  th e  fo llo w in g  s p r in g ,  d e p o s i te d  
th r e e  eggs i n to  h e r  m arsup ium . J u v e n i l e s  r e l e a s e d  in  t h e  s p r in g  
d ev e lo p  i n to  m a tu re  re p ro d u c in g  fe m a le s  by l a t e  su m m er-early  f a l l ,  
su b s e q u e n tly  o v e rw in te r  and become o v ig e ro u s  a g a in  th e  fo llo w in g  
s p r in g .  In  a l l  l a b o r a to r y  s tu d i e s  w here second  b ro o d s  w ere  d e p o s i te d  
w i th in  a  b re e d in g  p e r io d ,  no eggs d e v e lo p e d  i n to  j u v e n i l e s .
G en e ra l B e h a v io r
I n d iv id u a ls  o f  H. n i l s s o n i  a g g re g a te d  w ith  o r  w i th o u t  sub ­
s t r a t a .  F e rae o p o d s  w e re -u se d  t o  c l i n g  to  r o b u s t  a lg a e  o r  r o c k s ,  
o r  f i la m e n to u s  a lg a e  w ere  in te r tw in e d  betw een  th e s e  a p p e n d ag es . 
A v a ila b le  c r e v i c e s  w ere  so u g h t among r o c k s .  In  t h e  a b se n c e  o f  
s u b s t r a t a ,  a n im a ls  c lu n g  t o  e ach  o th e r  to  form  a l t e r n a t i n g  t i e r s .
H yale  n i l s s o n i  was om nivorous and consumed m o lted  e x o s k e le ­
to n s  and dead  i n d iv i d u a l s  o f  i t s  own s p e c i e s .  Dead in d iv id u a l s  
w ere g u t te d  from  th e  v e n t r a l  s u r f a c e ,  le a v in g  th e  e x o s k e le to n .
The s p e c ie s  hopped o r  swam to  a v o id  e x p o su re  to  a i r  o r  l i g h t .  
Hopping was a c c o m p lish e d  by p e ra e o p o d s  b ra c in g  on th e  s u b s tra tu m  
s u r f a c e ,  an  a rc h in g  o f  t h e  a n im a l 's  p e ra e o n  and th e  sudden  
s t r a ig h t e n in g  o r  r e f  leasing  o f  t h e  v e n t r a l l y  p la c e d  u ro som e.
Swimmin g  was i n i t i a t e d  by r e p e a te d  urosom e e x te n s io n  and a  f a s t  
p leopod  b e a t .  At f i r s t ,  swimming to o k  p la c e  w ith  th e  d o r s a l  s u r ­
f a c e  down, b u t  soon t h i s  o r i e n t a t i o n  r e v e r s e d .  R apid  b u t  u n o r­
g a n iz e d  fo rw ard -b ack w ard  s t r o k e s  o f  th e  p e ra e o p o d s  a id e d  swimming.
In  th e  a b se n c e  o f  s u b s t r a t a ,  a  l a t e r a l  p o s i t i o n  was a t t a in e d  by
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th e  i n d i v i d u a l .  I n  t h i s  p o s i t i o n ,  i n t r o d u c t i o n  o f  a  m in o r  d i s ­
tu rb a n c e  su c h  a s  t h e  to u c h  o f  a  b l u n t  p ro b e  on t h e  u ro so m e , 
caused  an  in c r e a s e d  p le o p o d  b e a t  and  a  s l i g h t  f l i c k  o f  t h e  v e n -  
t r a l l y  c u r l e d  u rosom e w h ic h  p r o p e l l e d  t h e  a n im a l fo rw a rd  w h i le  
s t i l l  on i t s  l a t e r a l  s u r f a c e .
O v e r la p  o f  N o r th  A m erican  C o n g e n e r ic  S p e c ie s  
The P h y s ic a l  E n v iro n m e n t
N obska P o i n t ,  M ass . d i f f e r e d  from  New H am p sh ire  s tu d y  s i t e s  
in  s e v e r a l  e n v ir o n m e n ta l  f a c t o r s  (T a b le  1 ) .  W ate r t e m p e r a tu r e s  
ranged  from  - 1 .4  t o  2 2 ,3 °C  d u r in g  1977-1979  ( F ig .  16) w i th  
s a l i n i t y  a t  t im e  o f  a n im a l  c o l l e c t i o n s  m e a s u r in g  a  c o n s t a n t  3 0 ° /o o .  
T hus, s a l i n i t y  a t  N obska P o in t  was s i m i l a r  to  O d io r n e 's  P o in t  
w h ile  w a te r  t e m p e r a tu r e s  w e re  warm er d u r in g  t h e  summer.
F ie ld  S tu d ie s
At N obska P o i n t ,  H . p lu m u lo sa  was g e n e r a l l y  m o st a b u n d a n t w i t h ­
in  th e  g r a v e l ,  w h i le  _H. n i l s s o n i  was m o st a b u n d a n t among f r o n d s  
o f _F. s p i r a l i s  ( F ig .  1 7 ) . H ow ever, m ic r o h a b i t a t  o v e r l a p  o c c u r r e d  
betw een  t h e s e  two s p e c i e s  o f  H y a le , e . g .  t h e  h i g h e s t  p e r c e n ta g e  
o f  a l g a l - i n h a b i t i n g  II. p lu m u lo s a  o c c u r r e d  i n  O c to b e r  w i th  j u v e n i l e s  
c o m p ris in g  63% o f  t h e  s p e c i e s  t o t a l  a b u n d a n c e ; w h i le  t h e  h i g h e s t  
p e rc e n ta g e  o f  g r a v e l - i n h a b i t i n g  H. n i l s s o n i  o c c u r r e d  i n  F e b ru a ry  
when m a le s  m ade up  66% o f  t h e  s p e c i e s  t o t a l  a b u n d a n c e . S im i la r  
r e s u l t s  w ere  o b ta in e d  d u r in g  1977 .
O v e r a l l ,  H. p lu m u lo s a  was l a r g e r  i n  body  s i z e  ( a d u l t  mean 
s i z e  ^  6 .0  mm) th a n  H. n i l s s o n i  ( a d u l t  mean s i z e  =’ 5 .0  mm).
In  b o th  s p e c i e s  m a le s  > f e m a le s  > j u v e n i l e s  ( s e e  A ppend ix  A ) .
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F ig .  16 . M onthly  mean w a te r  te m p e ra tu re s  (°C) a t  G re a t  H a rb o r, 
M ass. from  Ja n u a ry  1977-D ecem ber 1979 (from  R o g e rs , 
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Fig . 16
F ig . 17 . G ra v e l and a l g a l  (Fucus s p i r a l i s )  s p e c ie s  c o m p o s itio n  o f  
H_. n i l s s o n i  and II. p lu m u lo sa  a t  Nobska P o in t ,  M ass. 
from  F e b ru a ry  1979 to  O c to b e r 1979. ( ) = t o t a l  number
o f  H yale  s p .
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W in te r - s p r in g  o v ig e ro u s  fe m a le s  o f  b o th  s p e c ie s  w ere  l a r g e r  
in  s i z e  th a n  s u m m e r-fa ll  o v ig e ro u s  fe m a le s , w h ile  H. p lu m u lo sa  
fem ales  w ere l a r g e r  d u r in g  b o th  r e p r o d u c t iv e  p e r io d s  (d ee  Appen­
d ix  A ). F e c u n d ity  f o r  b o th  s p e c ie s  was h ig h e r  among w in t e r - s p r in g  
fem ales  and H. p lu m u lo sa  f e c u n d i ty  was g r e a t e r  th a n  t h a t  o f  H. 
n i l s s o n i , b u t  t h e s e  mean v a lu e s  w ere  n o t  s i g n i f i c a n t  ( s e e  Appen­
d ix  A) .
H yale  n i l s s o n i  began  r e p r o d u c t io n  in  A p r i l ,  w h ile  H. p lu m u lo sa  
began in  May. P o s to v ig e ro u s  fe m a le s  co m p rised  0 .5  to  3.0% o f  b o th  
t o t a l  p o p u la t io n s .  I n te r s e x e s  o f  H. n i l s s o n i  made up 1% o f  th e  
t o t a l  p o p u la t io n ,  w h ile  no in te r s e x e s  w ere  found among H. p lu m u lo sa . 
L a b o ra to ry  S tu d ie s
C o e x is te n c e . No i n t e r s p e c i f i c  p a i r i n g  d u r in g  th e  s p r in g  1979 
r e p r o d u c tiv e  p e r io d  was n o te d  betw een  H. n i l s s o n i  and H. p lu m u lo sa  
(10 o b s e r v a t io n s ) .  M ic r o h a b ita t  s e p a r a t io n  s im i l a r  to  t h a t  o b se rv e d  
in  th e  f i e l d  was o b s e rv e d , i . e .  11. n i l s s o n i  c lu n g  to  F_. s p i r a l i s  
w h ile  H. p lu m u lo sa  rem a in ed  w i th in  th e  s a n d -g ra v e l  in  l a b o r a to r y  
a q u a r ia .  How ever, a s  th e  s a n d -g r a v e l  s u b s tra tu m  a c cu m u la ted  
d e b r i s ,  H. p lu m u lo sa  e v e n tu a l ly  c lu n g  to  and a t e  _F. s p i r a l i s , b u t  
q u ic k ly  r e tu r n e d  to  i t s  p r e f e r r e d  h a b i t a t  a f t e r  f r e s h  s a n d -g r a v e l  
was p ro v id e d . C o lo r a t io n  o f  t h e s e  two s p e c ie s  a p p e a re d  r e l a t e d  
to  s u b s tra tu m  p r e f e r e n c e ,  w i th  H. n i l s s o n i  d a rk  g re e n  and H. 
p lum ulosa  brown to  ta n  in  c o l o r .  The m ethods o f e sc a p e  u sed  by 
H. p lum u losa  w ere s im i la r  to  th o s e  d e s c r ib e d  f o r  i t s  c o n g e n e r .
R e p ro d u c tio n . Amplexus and c o p u la t io n  o f  li. p lu m u lo sa  was 
s im i la r  to  H. n i l s s o n i  b u t w i th  up to  4 b ro o d s /fe m a le  b e in g  
r e le a s e d  d u r in g  M ay-June. J u v e n i l e  h ead s  w ith  t h e i r  p ro b in g
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a n te n n a e , ex te n d e d  o u t s id e  o f  th e  m arsupium  w h ile  t h e i r  b o d ie s  w ere 
p e rp e n d ic u la r ly  o r i e n t e d  to  t h e  fe m a le . J u v e n i l e s  w ere  seen  
le a v in g  th e  m arsupium  and r e t u r n in g  a f t e r  a  s h o r t  t im e .
M outhpart M orphology . The m o u th p a r t m orphology o f  H. p lu m u lo sa  
was s im i la r  to  t h a t  o f  H. n i l s s o n i . T hus, th e  m o u th p a r ts  o f  H.. 
n i l s s o n i  w i l l  be  d is c u s s e d  w h i le  o n ly  p e r t i n e n t  d i f f e r e n c e s  w i l l  
be m en tioned  f o r  II. p lu m u lo s a . H y a le  n i l s s o n i  m o u th p a r ts  a r e  
shown e x c e p t w here th o s e  o f  H. p lu m u lo sa  b e t t e r  i l l u s t r a t e  th e  
p a r t i c u l a r  s t r u c t u r e  b e in g  c o n s id e r e d .
The v e n t r a l l y  d i r e c t e d  b u c c a l  m ass ( F ig .  19) was composed o f  
non-m ovable and m ovable  m o u th p a r ts .  The u p p e r  and lo w er l i p s  
(b o th  non-m ovab le) a r e  a d ja c e n t  to  th e  m outh o p e n in g , w h ile  th e  
m ovable m o u th p a r ts  commenced a n t e r i o r l y  w ith  a  p a i r  o f  m a n d ib le s  
and p ro ceed ed  p o s t e r i o r l y  w ith  two p a i r s  o f  m a x i l l a e ,  fo llo w e d  
by a p a i r  o f  b a s a l l y  fu se d  m a x i l l ip e d s .
S e v e ra l  b a s ic  s e t a l  ty p e s  ( s t r u c t u r e s  w i th  w e l l  d e v e lo p ed  
s o c k e ts ;  s e e  Thomas, 1970 f o r  te rm in o lo g y )  w ere  a p p a re n t  on th e s e  
m o u th p a r ts  ( F ig .  1 8 ) . T hese  s e t a e  l i k e l y  a id e d  in  t h e  i d e n t i f i c a ­
t io n  and consum ption  o f  fo o d . S p in e  s e t a e  b e a r in g  te r m in a l  p o re s  
( in d i c a t in g  s e n s o ry  r e c e p t io n )  w ere  found on th e  o u t e r p l a t e  o f  th e  
m a x i l l ip e d  ( F ig s .  2 0 , 2 2 , & 2 3 ) ,  w here fo o d  s u b s ta n c e s  a r e  f i r s t  
e n c o u n te re d . S im p le  s e ta e  w ith  and w ith o u t  t e r m in a l  p o re s  w ere 
n o ted  on th e  o u te r  p l a t e  o f  th e  second  m a x i l la  ( F ig s .  22 & 24) and 
on th e  o u te r  p l a t e  o f  t h e  m a x i l l ip e d  ( F ig s .  22 & 2 3 ) . F in e  s im p le
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s e ta e  w ere ab u n d an t on th e  second  m a x i l la  (F ig .  2 4 ) ,  f i r s t  m a x i l la  
p a lp s  (F ig .  2 5 ) ,  th e  m o la r p r o c e s s e s  o f  th e  m an d ib le  ( F ig s .  31 & 
3 2 ), and on th e  u p p e r and lo w er l i p s  (F ig .  3 0 ) . Plum ose s e ta e  
b e a r in g  c r e n a te  s e t u l e s  w ere found  on th e  in n e r  p l a t e  o f  th e  m a x il­
l ip e d  ( F ig s .  22 & 2 3 ) ;  w h ile  comb s e ta e  o c c u rre d  on th e  in n e r  
p l a t e s  and p a lp s  ( F ig s .  21 , 23 , & 24) o f  th e  m a x i l l ip e d  and second  
m a x i l la .  C o a rs e - to o th e d  s e ta e  o c c u rre d  on th e  o u te r  p l a t e  o f  th e  
f i r s t  m a x i l la  (F ig .  2 5 ) .  The m a n d ib u la r  m olar i n  b o th  s p e c ie s  con­
s i s t e d  o f  rows o f  m o d if ie d  s e ta e  d e s ig n a te d  a s  b a rb s  and s u p p l ie d  
w ith  p o re s  (F ig .  3 2 ) .
A d i s t i n c t i v e  d i f f e r e n c e  betw een  th e  two s p e c ie s  o f  H yale  was 
th e  o c c u rre n c e  i n  II. p lu m u lo sa  o f  f in e  to o th e d  s e ta e  on th e  in n e r  
p l a t e  o f  th e  f i r s t  m a x i l la  ( F ig s .  26 & 2 9 ) ,  and th e  abundance  o f 
plum ose s e ta e  on th e  second  a n te n n a  o f  a d u l t s  ( F ig .  27 & 2 8 ) .
M ethods o f  F eed in g
F e ed in g  in  b o th  s p e c ie s  o f  H yale was a s s i s t e d  by th e  l a t e r a l  
movement o f  th e  m a x i l l ip e d  p a lp s  and th e  m a n d ib le s , and  th e  d o r s o -  
v e n t r a l  movement o f  th e  in n e r  and o u te r  m a x i l l ip e d  p l a t e s  and th e  
two p a i r s  o f  b iram o u s  m a x i l l a e .  The f i r s t  and second  gna thopods 
a id e d  in  f e e d in g  by p u sh in g  food  to w ard s th e  mouth o r  by h o ld in g  
th e  food  ite m  in  p l a c e ,  w h ile  th e  seco n d  a n te n n a e  a p p e a re d  to  t e s t  
th e  s u b s tra tu m . The u se  o f  th e s e  a n te n n a  i n  th e  f e e d in g  p ro c e s s  
was p a r t i c u l a r l y  em phasized  in  H. p lu m u lo sa  w here th e  a n te n n a e  . r e ­
p e a te d ly  b e n t  to w ard s  th e  m outh.
The m a x i l l ip e d ,  a id e d  by i t s  a p i c a l  s p in e  t e e t h  and s e t a e ,  
c o n ta c te d  and s c ra p e d  food  s u r f a c e s ,  w h ile  th e  m a x i l la e  pushed
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F ig . 18 . D iag ram m atic  r e p r e s e n t a t i o n  o f  ty p e s  o f  s e t a e .  D raw ings 











F ig . 19 . S cann ing  e l e c t r o n  m ic ro g ra p h  o f  a  s id e  v iew  o f  th e  b u c c a l  
m ass o f  H. n i l s s o n i . UP u p p e r l i p ,  MN m a n d ib le , LL 
lo w er l i p ,  FM f i r s t  m a x i l l a ,  SM second  m a x i l l a ,  M 
m a x i l l ip e d ,  C c i l i a t e  (F am ily  E p i s ty l id a e ? )  X 125.
F ig . 20 . V e n tr a l  v iew  o f b a s a l l y  fu se d  b iram o u s m a x i l l ip e d s  o f  
H. n i l s s o n i . N o tic e  th e  p a lp  (P) and in n e r  ( IP )  and 
o u te r  (OP) p l a t e s  X 156.
F ig . 21 . P a lp  o f  r i g h t  m a x i l l ip e d  o f  H. n i l s s o n i  w ith  comb s e ta e  
(C S). D d a c ty l  X 323.
F ig .  22 . Plum ose s e ta e  w ith  c r e n a te  s e t u l e s  (PC ), s p in e  s e ta e  w ith  
te r m in a l  p o re s  (SPP) and s im p le  s e ta e  w ith  t e r m in a l  p o re s  
(SP) on th e  m a x i l l ip e d  o f  H. n i l s s o n i  X 2300.
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F ig . 21 F ig .  22
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F ig . 23 . O u te r  (OP) and in n e r  (IP )  p l a t e s  o f  th e  m a x i l l ip e d  o f
H. n i l s s o n i  i l l u s t r a t i n g  s p in e  s e ta e  w ith  t e r m in a l  p o re s  
(S P P ), s im p le  s e ta e  w ith  te r m in a l  p o re s  (S P ) , p lum ose 
s e ta e  w ith  c r e n a te  s e t u l e s  (PC) and comb s e ta e  (CS)
X 1376.
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F ig . 24 . The second  m a x i l la e  o f  H. n i l s s o n i  b e a r in g  comb s e ta e  
(C S ), s im p le  s e ta e  w ith o u t  a  t e r m in a l  p o re  ( S ) , and 
f i n e  s im p le  s e ta e  (F S ). OP o u te r  p l a t e ,  IP  i n n e r  p l a t e  
X 238.
F ig .  25 . The f i r s t  m a x i l la e  o f  H. n i l s s o n i  i l l u s t r a t i n g  c o a rs e  
to o th e d  s e t a e  (CT) on th e  o u t e r 'p l a t e  (OP) and f i n e  
s im p le  s e ta e  (FS) on th e  p a lp  ( P ) . IP  i n n e r  p l a t e  o f  
f i r s t  m a x i l l a e ,  UL u p p e r  l i p ,  MN m a n d ib le , LL lo w er 
l i p  X 331.
F ig .  26 . The f i r s t  m a x i l la e  o f  H. p lu m u lo sa  d e m o n s tra t in g  f i n e
to o th e d  s e t a e  (FT) and c o a r s e  to o th e d  s e ta e  (CT) X 312.
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F ig .  27 . Plum ose s e ta e  on p o s t e r i o r  m arg in  o f  second  a n te n n a  o f 
II. p lu m u lo sa  X 654.
F ig . 28 . A m a g n i f ic a t io n  o f  F ig .  27 X 1713.
F ig . 29 . A m a g n i f ic a t io n  o f  F ig .  26 . FT f i n e  to o th e d  s e t a ,




F ig . 30 . The u p p e r (UP) and lo w er (LL) l i p s  o f  H. n i l s s o n i
i l l u s t r a t i n g  th e  p la c e m e n t o f  th e  m a n d ib u la r  i n c i s o r s  
( I )  and th e  abundance o f  f i n e  s im p le  s e t a e  (F S ) . (L)
l a c i n i a  m o b i l i s .  X 347.
F ig . 31 . The m an d ib le s  o f  H. p lu m u lo sa  eq u ip p e d  w ith  i n c i s o r s  ( I )  
and m o la r p r o c e s s e s  (MP). (FS) f in e  s im p le  s e t a e .
X 205 .
F ig .  32 . The m a n d ib u la r  m o la rs  o f  H. p lu m u lo sa  i l l u s t r a t i n g  th e  
p o re s  (P) and b a rb s  (B) c o m p ris in g  th e  m o la r p r o c e s s . 
(FS) f i n e  s im p le  s e t a e .  X 720.
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food  to w a rd s  th e  m a n d ib le s .  T h e re  th e  fo o d  was p i e r c e d  by th e  
i n c i s o r s  and  l a c i n i a  m o b i l i s  and  m a c e ra te d  by th e  m o la rs  and  s u b ­
s e q u e n t ly  p a s s e d  to  t h e  m ou th . F in e  s e t a e  a d j a c e n t  to  th e  m o la r  
p ro c e s s  l i k e l y  c o l l e c t e d  p a r t i c l e s  f o r  c o n s u m p tio n . The f i n e  
to o th e d  s e t a e  on th e  in n e r  p l a t e  o f  th e  f i r s t  m a x i l l a e  p r o b a b ly  
combed o u t  p a r t i c l e s  c o l l e c t e d  w i t h in  c l u s t e r s  o f  p lum ose  s e t a e  
on th e  se c o n d  a n te n n a e  o f  II. p lu m u lo s a .
IV. DISCUSSION
H yale n i l s s o n i  was a s s o c ia te d  w ith  a lg a e  from  a l l  l e v e l s  o f  th e  
New H am pshire i n t e r t i d a l  z o n e , b u t  r a r e l y  in h a b i te d  t i d e p o o l s .  The 
amphipod i s  e s s e n t i a l l y  an o b l ig a t e  i n t e r t i d a l  s p e c i e s .  W ith in  th e  
i n t e r t i d a l  zo n e , e s c a p e  m echanism s ( e . g . ,  h o p p in g , swimming) o f  H. 
n i l s s o n i  a llo w e d  in d iv id u a l s  to  a v o id  ex trem e  c l i m a t i c  e x p o s u re . 
E m ig ra tin g  from  s u n d r ie d  a lg a e  to  m o is te r  f ro n d s  and p o o ls ,  o r  c ra w l­
ing u n d e r s to n e s  d u r in g  e x trem e  c o ld  te m p e ra tu re s  r e p r e s e n te d  two 
av o id an ce  r e a c t i o n s .
S e g re g a t io n  o f l i f e  s t a g e s ,  b ro u g h t a b o u t by t h i s  a n im a l 's  
m o b i l i ty ,  was n o t  o b se rv e d  f o r  New H am pshire  p o p u la t io n s ,  w h ile  
Moore (1977) re c o rd e d  s e g r e g a t io n  on S c o t l a n d 's  i n t e r t i d a l  s h o r e s .  
Moore (1977) re c o rd e d  few  p o s t- m a r s u p ia l  j u v e n i l e s  o r  o v ig e ro u s  
fem ales  w ith  j u v e n i l e s  in  t h e i r  pouch  l i v i n g  in  h ig h  i n t e r t i d a l  P e l -  
v e t i a ; w h ile  th e  j u v e n i l e s  w ere o b se rv e d  in  low er i n t e r t i d a l  f i l a ­
m entous a lg a e .  M o o re 's  (1977) s ta te m e n t  a b o u t j u v e n i l e s  on S c o t t i s h  
sh o re s  i s  b a sed  o n ly  on g e n e r a l  o b s e r v a t io n s ,  th u s  n o t  a llo w in g  a 
t r u e  com p ariso n  w ith  N.H. r e s u l t s .
J u v e n i le  r e c r u i tm e n t  o f _H. n i l s s o n i  o c c u rre d  d u r in g  th e  w arm est 
m onths in  New H am phsire ( F ig s .  5 , 6 , & 8 ) .  The New H am phsire r e p r o ­
d u c tiv e  p e r io d  (A p r il -O c to b e r )  was s h o r t e r  th a n  th e  r e p r o d u c t iv e  
p e rio d  (F e b ru a ry -O c to b e r)  found on th e  warmer S c o t t i s h  s h o re s  (M oore, 
1977). T em p era tu re  i n f lu e n c e s  n o t  o n ly  th e  tim in g  and l e n g th  o f 
b re e d in g  p e r io d s ,  b u t  a l s o  a f f e c t s  th e  a p p e a ra n c e  and g row th  o f  f i l a ­
m entous and b l a d e - l i k e  eph em era l a lg a e  e a te n  by j u v e n i l e  am phipods
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( S te e le  and S t e e l e ,  1 975 ; M oore, 1 9 7 7 ) . The r e l e a s e  o f  j u v e n i l e  
H. n i l s s o n i  c o in c id e d  w i th  t h e  a p p e a ra n c e  o f  e p h e m e ra l a lg a e  i n  New 
Ham pshire (Fem ino and M a th ie s o n , 1 9 8 0 ) .
In  t h e  l a b o r a t o r y ,  o n ly  one s u c c e s s f u l  b ro o d  p e r  f e m a le  was 
observed  f o r  13. n i l s s o n i , w h i le  (M oore, 1977) o b s e rv e d  m ore th a n  o n e .
T his d i s c r e p a n c y  may b e  t h e  r e s u l t  o f  a  ch a n g e  i n  p h o to p e r io d  c a u se d  
by l a b o r a to r y  c o n d i t i o n s  ( S t e e l e ,  S t e e l e  and M acP h erso n , 1 9 7 7 ) , o r  
th e  f a c t  t h a t  H. n i l s s o n i  r e q u i r e d  m ore e x p o s u re  to  a i r  th a n  i t  
re c e iv e d  i n  t h e  l a b o r a t o r y .
Body s i z e s  o f  l i f e  s t a g e s  w i t h in  and  b e tw e en  p o p u la t io n s  d i f ­
fe re d  f o r  New H am p sh ire  c o a s t a l  and e s t u a r i n e  h a b i t a t s .  The s m a l le r  
body s i z e s  i n  t h e  e s t u a r y  w ere  i n v e r s e l y  r e l a t e d  to  t h e  in c r e a s e d  
w ater t e m p e r a tu r e s  fo u n d  i n  t h i s  h a b i t a t .  T h is  r e l a t i o n s h i p  was 
r e p o r te d  f o r  o t h e r  c r u s t a c e a n s  (M cL aren , 1965; M i l l e r ,  Jo h n so n  and 
H e in le , 1977) and i s  a t t r i b u t e d  to  r a p i d  p a s s a g e  o f  t h e  a n im a l th ro u g h  
a f ix e d  q u o ta  o f  m o l t s  w i th o u t  t h e  o p p o r tu n i ty  t o  grow  l a r g e  ( M i l l e r ,  
Johnson and H e in le ,  1 9 7 7 ) . The e n e rg y  dem ands on a n im a ls  i n h a b i t i n g  
f l u c t u a t i n g  w a te r  t e m p e r a tu r e s  and  s a l i n i t i e s ,  and  t h e  a b s e n c e  o f 
th e  e a s i l y  consum ed f i l a m e n to u s  r e d  a l g a ,  I?, l a n o s a  ( s e e  I I ,  A n im a l-  
A lga l R e l a t i o n s h i p s )  a r e  p r o b a b le  f a c t o r s  b e a r in g  on th e  s m a l le r  
body s i z e  o f  b o th  e s t u a r i n e  m a le s  and  f e m a le s  i n  New H a m p sh ire . The 
s m a lle r  s i z e  o f  e s t u a r i n e  a d u l t s  d id  n o t ,  h o w e v e r, p r e v e n t  t h e i r  
m ating  w i th  open  c o a s t a l  a d u l t s  s in c e  r e c i p r o c a l  m a t in g s  p ro d u c e d  b ro o d s .
A s m a l l e r  body s i z e  and  s m a l l e r  f e c u n d i ty  o f  b o th  e s t u a r i n e  
and open c o a s t a l  summer o v ig e r o u s  H. n i l s s o n i  f e m a le s  w ere  o b s e rv e d  
in  New H a m p sh ire . N e lso n  (1 9 8 0 a) b e l i e v e s  t h i s  i s  a  g e n e r a l  t r e n d  
w ith in  t h e  Am phipoda a s  w e l l  a s  o t h e r  M a la c o s tr a c a n  C r u s ta c e a n s .
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N elson a l s o  a t t r i b u t e s  t h e s e  summer d e c r e a s e s  to  t h r e e  f a c t o r s :
1) warmer t e m p e r a tu r e s ,  2) d e c r e a s e  i n  fo o d  s u p p ly ,  and  3) p r e d a t i o n .
In  th e  p r e s e n t  s tu d y ,  warm summer te m p e r a tu r e s  in  New H am psh ire  
a llow ed  s p r i n g - r e l e a s e d  j u v e n i l e s  t o  m a tu re  r a p i d l y ;  t h u s  s m a l le r  
m atu re  in d iv id u a l s  r e s u l t e d . Warm te m p e r a tu r e s  may a l s o  r e s u l t  in  
in c re a s e d  m e ta b o l i c  m a in te n a n c e  w h ic h  d e c r e a s e s  e x p e n d i tu r e  o f e n e rg y  
fo r  egg p r o d u c t io n  (N e ls o n , 1 9 8 0 b ) . The s m a l le r  s i z e  o f  summer e p i -  
fa u n a l  am ph ipods may c o n s t i t u t e  a n  e f f e c t i v e  m eans o f  r e d u c in g  p r e ­
d a t io n  by a n im a ls  w h ic h  te n d  to  s e l e c t  l a r g e r  p r e y  (N e ls o n , 1 9 8 0 b ) , 
bu t a d d i t i o n a l  s t u d i e s  a r e  n e e d ed  to  f u r t h e r  comment on H. n i l s s o n i .
I n s i g h t  i n t o  t h e  s e p a r a t i o n  o f  s y m p a tr ic  c o n g e n e r ic  s p e c i e s  
o f te n  c a n  be  g a in e d  by c o n t r a s t i n g  l i f e  h i s t o r y  c h a r a c t e r i s t i c s  o f  
th e  s p e c i e s .  At N obska P o i n t ,  M a s s . ,  w h ere  th e  g e o g r a p h ic a l  d i s t r i b u ­
t io n  o f  H. n i l s s o n i  o v e r la p p e d  t h a t  o f  i t s  c o n g e n e r  H. p lu m u lo s a , 
fem a les  a l s o  had  g r e a t e r  f e c u n d i ty  and a  l a r g e r  body s i z e  th a n  H. 
n i l s s o n i  a t  N obska P o i n t ,  b u t  II. p lu m u lo sa  la c k e d  i n t e r s e x e s .  I t  i s  
unknown w h e th e r  i n t e r s e x e s  a r e  c a p a b le  o f  r e p r o d u c t i o n .  In  H. n i l s s o n i  
i n te r s e x e s  m ig h t b e  in c o m p le te ly  f e m in iz e d  m a le s ,  s i n c e  th e y  w ere  
l a r g e r  i n  body s i z e  and  p o s s e s s e d  e n la r g e d  seco n d  g n a th o p o d s  c h a r a c ­
t e r i s t i c  o f  m a le s .
B ro o d in g  o f  j u v e n i l e s  a l s o  d i f f e r e d  b e tw een  t h e s e  two s p e c i e s .  
Hyale n i l s s o n i  j u v e n i l e s  showed no d i s t i n c t  p a t t e r n  o f  d i s t r i b u t i o n  
w ith in  t h e i r  m o th e r 's  p o u c h , w h i le  th o s e  o f  H. p lu m u lo sa  w ere  
p lac e d  p e r p e n d ic u l a r  t o  t h e i r  m o th e r 's  body a x i s .  The p o s i t i o n  o f  
H. p lu m u lo sa  j u v e n i l e s  a llo w e d  f o r  e f f i c i e n t  u t i l i z a t i o n  o f  s p a c e  
w ith in  th e  m arsup ium  s e r v in g  to  i n c r e a s e  optim um  f e c u n d i t y ,  and 
j u v e n i l e s  o b s e rv e d  e x te n d in g  t h e i r  h e a d s  and p ro b in g  th e  s u b s t r a t a
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w ith  t h e i r  a n te n n a e  c o u ld  fe e d  and be  p ro v id e d  w ith  p r o t e c t i o n  a t  th e  
same t im e . H yale  p lu m u lo sa  was s u c c e s s f u l  w ith  t h i s  b ro o d in g  m ethod 
s in c e  i t  had g r e a t e r  p r o t e c t i o n  from  wave a c t io n  in  t h e  g r a v e l  th a n  
H. n i l s s o n i  in  i t s  m ic r o h a b i t a t .  B ehbehan i (1978) n o te d  s im i la r  
ju v e n i le  p lacem en t f o r  th e  h ig h  i n t e r t i d a l  w rack  and g r a v e l - i n h a b i t i n g  
am phipod, O r c h e s t ia  p l a t e n s i s .
A lthough  d i f f e r e n t  g e n e ra l  m ic r o h a b i ta t  p r e f e r e n c e s  o f  th e  two 
Hyale s p e c ie s  o c c u rre d  a t  Nobska P o i n t ,  t h e r e  was some o v e r la p  
betw een th e  two s p e c ie s  i n  th e  f i e l d .  In  th e  l a b o r a to r y ,  l i t t l e  
in te rm in g lin g  betw een  them was o b s e rv e d . The l a r g e  p e rc e n ta g e  o f  
H. p lum u losa  j u v e n i l e s  t h a t  o c c u rre d  in  a lg a e  d u r in g  th e  f a l l  may 
have been  th e  r e s u l t  o f  crow ding  w i th in  g r a v e l  a f t e r  sp rin g /su m m er 
r e c ru i tm e n t  o r  j u v e n i l e  fo o d  p r e f e r e n c e .  The movement o f  H. p lu m u lo sa  
to  a lg a e  w i th in  th e  l a b o r a to r y  s u g g e s te d  an  e sc a p e  from  d e p o s i te d  
f e c a l  p e l l e t s ,  o r  th e  d e p le t io n  o f  a  food  s o u rc e  w i th in  th e  g r a v e l .
On th e  o th e r  h an d , t h e  abundance  o f  m ale  H. n i l s s o n i  in  s a n d -g r a v e l  
d u rin g  th e  w in te r  may have been  an  e sc a p e  r e a c t i o n  to  c o ld  a i r  
te m p e ra tu re s , o r  due to  t h e  g r e a t e r  m o b i l i ty  o f  l a r g e  a d u l t s .  Com­
p a r is o n  o f  l i f e  h i s t o r y  p a ra m e te rs  o f  New H am pshire and Nobska P o i n t ,  
Mass. p o p u la t io n s  o f  H. n i l s s o n i  w ould be  u s e f u l  in  s tu d y in g  th e  
e f f e c t  o f a  sy m p a tr ic  c o n g e n e r . How ever, th e  p r e s e n t  l i f e  h i s t o r y  
d a ta  from  Nobska P o in t  was to o  l im i t e d  f o r  su ch  a  c o m p a riso n .
The m o u th p a r ts  o f  b o th  H. n i l s s o n i  and H. p lu m u lo sa  d i s p l a y  a  
r i c h  v a r i e t y  and d e n s i ty  o f  s e t a e .  T hese  s t r u c t u r e s  p resu m ab ly  a id  
in  f e e d in g . P r e c i s e  d e te r m in a t io n  o f  s e t a l  f u n c t io n s  (chem o- and 
m e c h a n o -re c e p tio n , e t c . )  was however beyond th e  scope o f t h i s  s tu d y . 
S e ta l  p o re s  may be  o c c lu d e d  by s e c r e t i o n s  and be th u s  u n d e te c ta b l e .
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When a n a ly z in g  s e t a l  f u n c t i o n  on c r u s t a c e a n  m o u th p a r t s ,  t h e  to p o ­
g r a p h ic a l  l o c a t i o n  and movement o f  m o u th p a r ts  s h o u ld  be  c o n s id e r e d  
(Snow, 1 9 7 4 ) .
H y a le  n i l s s o n i  and  H. p lu m u lo sa  w ere  b o th  e q u ip p e d  w i th  s i m i l a r  
m o u th p a r ts  c a p a b le  o f  consum ing  c o a r s e  m a t e r i a l  (B u ly c h e v a , 1 9 5 7 ) . 
However, t h e  f i n e l y  to o th e d  s e t a e  on t h e  i n n e r  p l a t e  o f  t h e  f i r s t  
m a x i l la e  o f  H. p lu m u lo s a  m ig h t a s s i s t  i n  t h e  c l e a n in g  o f  t h e  p lu m o se  
s e ta e  on t h e  a d u l t  se co n d  a n te n n a e  when th e y  a r e  b e n t  to w a rd s  th e  
b u c c a l m a ss . T h e se  p lu m o se  s e t a e  may b e  u s e f u l  f o r  a c c u m u la t in g  
food when t h e  a n im a ls  s c o u r  s a n d - g r a v e l  s u r f a c e s .  The s e t a e  on th e  
second a n te n n a e  o f  JH. n i l s s o n i  w ere  s p in e  s e t a e  b e a r in g  p o r e s  s i m i l a r  
to  th o s e  on t h e  o u t e r  p l a t e  o f  t h e  m a x i l l i p e d .
M a n d ib u la r  m o rp h o lo g y  i s  a  key  d e te r m in a n t  o f  f e e d in g  s p e c i a l ­
i t i e s  among am phipods (Zim m erm an, p e r s o n a l  c o m m u n ic a t io n ) . M acro p h a- 
gous am p h ip o d s , su c h  a s  H y a le  s p . ,  h a v e  row s o f  b a rb s  on t h e  m o la r  
p r o c e s s e s  w h ic h  a l lo w  e f f i c i e n t  m a s t i c a t i o n  o f  f o o d . The p o r e s  
on m o la r s u r f a c e s  p e rh a p s  a l lo w  t h e  e g r e s s  o f  d i g e s t i v e  j u i c e s  o r  
e n tr a n c e  o f  w a te r  i n t o  t h e  a n im a l ’ s f o r e g u t  f o r  e a s e  o f  sw a llo w in g  
(S aud ray  and M archand , 1 9 7 2 ) .
S e t a l  ty p e s  o f  t h e  H y a le  s p e c i e s  d i s c u s s e d  h e r e  w ere  s i m i l a r  
to  th o s e  fo u n d  on t h e  m o u th p a r ts  o f  o t h e r  i n t e r t i d a l  a l g a l  and 
g r a v e l  s c o u r in g  c r u s t a c e a n s  ( J o n e s ,  1 9 7 2 ). S im i la r  t o  H. p lu m u lo sa  
a n te n n a l  c le a n in g  was n o te d  among s p e c i e s  o f  J a e r a  ( J o n e s ,  1 9 7 2 ). 
Sp ine s e t a e  w i th  a p i c a l  p o r e s  fo u n d  on H y a le  s p .  w ere  s i m i l a r  to  
th o s e  s e t a e  p resum ed  c h e m o -se n so ry  on t h e  t a l i t r i d  am ph ipods d e s ­
c r ib e d  by D ahl (1 9 7 3 a , b ) .
T h is  w ork h a s  shown a  v a r i e t y  o f  l i f e  h i s t o r y ,  b e h a v i o r a l ,
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and m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  o f  H_. n i l s s o n i  and i t s  c o n g en er  
H. p lum ulosa  accom panying t h e i r  e x i s t e n c e  i n  t h e  r i g o r o u s  ro c k y  
i n t e r t i d a l  e n v iro n m e n t .  H ya le  n i l s s o n i  i s  an  ab u n d an t  i n t e r t i d a l  
c ru s ta c e a n  s p e c i e s  on New H am pshire  ro c k y  s h o re s  d u r in g  a l l  s e a s o n s ,  
and r e p r e s e n t s  a  p o t e n t i a l l y  im p o r ta n t  consumer o f  a l g a l  b iom ass  a s  
i l l u s t r a t e d  by i t s  m o u th p a r t  m orpho logy . F u r t h e r  s t u d i e s  a r e  
r e q u i r e d  b o th  t o  d e te r m in e  why H. n i l s s o n i  g e n e r a l l y  i s  n o t  found 
in  t i d e p o o l s ,  and t o  e l u c i d a t e  d e t a i l s  o f  s y m p a t r ic  c o - e x i s t e n c e  




A n im a l -p la n t  r e l a t i o n s h i p s  have r e c e n t l y  a t t r a c t e d  c o n s id e r ­
a b le  i n t e r e s t  among m ar ine  b i o l o g i s t s ,  and o n ly  i n  t h e  l a s t  
s e v e r a l  y e a r s  h a s  t h e r e  been  an e x p a n s io n  o f  o u r  knowledge ab o u t  
f a c t o r s  i n f l u e n c i n g  t h e s e  r e l a t i o n s h i p s .  The food i n g e s t e d  by a 
g r a z e r  may a f f e c t  t h e  a n i m a l ' s  grow th (V adas, 1977; N i c o t r i ,  1977, 
1980) and r e p r o d u c t i o n  (V adas, 1 9 7 7 ) ,  w h i l e  t h e  h e r b i v o r e  may 
a f f e c t  t h e  d i v e r s i t y ,  b iom ass  and d i s t r i b u t i o n  o f  m ar in e  p l a n t s  
(Lubchenco and Menge, 1978; R a f f a e l l i ,  1 9 7 9 ) .  The an im a l  may a l s o  
u t i l i z e  th e  p l a n t  a s  r e f u g e  from p r e d a t o r s  (Van D olah , 1978; 
N elson , 1979) and d e s i c c a t i o n  ( Jo h n so n ,  1975, 1 9 7 6 ) .  Some o f  
th e s e  a s p e c t s  were r e c e n t l y  examined f o r  m o l lu s c s  (D ayton , 1975; 
Himmelman and C a r e f o o t ,  1975; Lubchenco and Menge, 1978; Lub­
chenco, 1978; R a f f a e l l i ,  1 9 7 9 ) ,  s e a  u r c h i n s  (Law rence , 1975;
Vadas, 1 9 7 7 ) ,  and c r u s t a c e a n s  ( Jo h n so n ,  1976; H a r r i s o n ,  1977; 
Moore, 1977; S a lem aa, 1978; Van D olah , 1978; N e lso n ,  1979; 
Zimmerman, «Jt: a l . , 1979; C a r e f o o t ,  1979; N i c o t r i ,  1977, 1 9 80 ) .
Among r e c e n t  s t u d i e s ,  t h e  te rm  p r e f e r e n c e  has  had  many 
c o n n o ta t io n s  w i th  a t t r a c t i v e n e s s  and e d i b i l i t y  b e in g  used  i n t e r ­
c hangeab ly  (Law rence , 1 9 7 5 ) .  A cco rd ing  to  N i c o t r i  (1 9 8 0 ) ,  
a t t r a c t i v e n e s s  s h o u ld  r e f e r  to  h a b i t a t  c h a r a c t e r i s t i c s  such  as  
th e  amount o f  p r o t e c t i o n  o f f e r e d  from p r e d a t o r s ,  th e  e a s e  w i th  
which a n im a ls  c l i n g ,  and p l a n t  a v a i l a b i l i t y  i n  s p a ce  and t im e .  
O ther  f a c t o r s  to  c o n s id e r  a r e  th e  abundance  and p o s s i b l e  compe-
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t i t i o n  from a s s o c i a t e d  f a u n a ,  and th e  a b i l i t y  o f  i n t e r t i d a l  
p l a n t s  to  r e t a i n  w a te r  d u r in g  low t i d e .  On th e  o t h e r  hand , 
e d i b i l i t y  r e f e r s  to  t h e  amount o f  a lg a  consumed p e r  u n i t  t im e  
( N i c o t r i ,  1 9 8 0 ) .  The two components o f  p r e f e r e n c e  a r e  p a r t i ­
c u l a r l y  im p o r ta n t  when c o n s id e r in g  s m a l l  a n im a ls  t h a t  u se  p l a n t s  
bo th  a s  a h a b i t a t  and f o r  food  ( N i c o t r i ,  1 9 8 0 ) .  The amount o f  
a lg a e  consumed i s  most l i k e l y  r e l a t e d  to  t h e  s t r u c t u r e  o f  an im a l  
m ou thpa r ts  (B u ly ch ev a ,  1957; Himmelman and C a r e f o o t ,  1975; Lub­
chenco, 1978; Zimmerman, p e r s o n a l  co m m u n ica t io n ) ,  th e  p r e s e n c e  o f  
a n t i h e r b i v o r e  s u b s ta n c e s  (R y land , 1974; S i e b u r t h ,  ejt a l . , 1974; 
Ogden, 1976; Moore, 1977; Ogden and L o b e l ,  1978; V a l i e l a ,  e t  a l . ,
1979), th e  age  (Moore, 1 9 7 7 ) ,  r e p r o d u c t i v e  s t a t e  (Moore, 1977; D. 
Cheney, p e r s o n a l  com m unication)  and th e  t e x t u r e  o f  t h e  p l a n t  
(Himmelman and C a r e f o o t ,  1975; Moore, 1977; Lubchenco , 1978; 
N i c o t r i ,  1 9 8 0 ) .  A long w i th  e d i b i l i t y ,  one s h o u ld  c o n s id e r  n o t  
only  th e  v a r i o u s  components (% N, c a l o r i e s ,  o r g a n ic  c o n t e n t ,  
e t c . )  o f  th e  p l a n t  i t s e l f  ( N i c o t r i ,  1 9 8 0 ) ,  b u t  t h e  e p ip h y te s  and 
e p im ic r o b io t a  c o l o n i z i n g  i t s  s u r f a c e .
The a l g a l  p r e f e r e n c e s  o f  n o n p l a n k t o n ic , a l g a l - i n h a b i t i n g ,  
rocky i n t e r t i d a l  c r u s t a c e a n s  a r e  p o o r ly  known, a l th o u g h  two 
s p e c ie s  have been  r e c e n t l y  s t u d i e d  by N i c o t r i  (1977, 1 9 80 ) .  
C ru s ta c e a n s  a r e  common and abundan t  i n  m arine  a lg a e  ( N i c o t r i ,
1980), b u t  t h e  t r o p h i c  p o s i t i o n  and im p o r ta n c e  o f  amphipods in  
p la n t - d o m in a te d  m ar in e  eco sy s tem s  i s  n o t  w e l l  d e f in e d  (Zimmerman, 
p e r s o n a l  c o m m u n ic a t io n ) . Sm all c r u s t a c e a n s  a r e  a l s o  p o t e n t i a l  
p e s t s  to  p l a n t  a q u a c u l t u r a l  sy s tem s  ( N i c o t r i ,  1977) and may be a
p o t e n t i a l  food  s u p p ly  f o r  c o a s t a l  f i s h  (G rez e ,  1 9 6 8 ) .
In  t h i s  s t u d y ,  t h e  s e a s o n a l  abundance  and d i s t r i b u t i o n  o f  
the  amphipod H yale  n i l s s o n i  (R athke)  1843 and i t s  a s s o c i a t e d  
fauna were examined among a l g a l  s p e c i e s  a t  v a r i o u s  l e v e l s  w i t h in  
th e  i n t e r t i d a l  zone a t  two c o n t r a s t i n g  h a b i t a t s  i n  New H am pshire . 
S e v e ra l  i n t e r t i d a l  a l g a e  w ere  c hosen  on t h e  b a s i s  o f  t h e i r  morpho­
logy and l i f e  h i s t o r y  c h a r a c t e r i s t i c s  and w ere exam ined f o r  t h e i r  
h a b i t a t  a t t r a c t i v e n e s s  and t h e i r  e d i b i l i t y  f d r  H. n i l s s o n i . The 
p re se n c e  o f  s u r f a c e  e p im ic r o b io t a  and e p ip h y t e s  on t h e s e  a l g a l  
s p e c ie s  a l s o  w ere  c o n s id e r e d  i n  t h e  c o n te x t  o f  t h i s  p r e f e r e n c e .
I I .  MATERIALS AND METHODS
F i e l d  C o l l e c t i o n s
S e a s o n a l  c o l l e c t i o n s  o f  a lg a e  from August 1976 to  J u l y  1977 
were made a t  O d i o r n e 's  P o in t  and Broad Cove, N.H. ( s e e  I , L i f e  
H is to r y  and G e n e ra l  Eco logy  f o r  d e t a i l s ) . These c o l l e c t i o n s  were 
used to  r e l a t e  th e  number o f  i n d i v i d u a l s  o f  _H. n i l s s o n i  p e r  100 
grams o f  damp a lg a e  i n  e a ch  i n t e r t i d a l  zo n e .  O the r  a l g a l - i n h a b i t -  
in g  i n v e r t e b r a t e s  w ere  i d e n t i f i e d ,  c o u n te d ,  and r e l a t e d  to  th e  
w e igh t o f  t h e  i n h a b i t e d  a l g a e .  The spec im ens  o f  H. n i l s s o n i  w ere 
coun ted  by rem oval (hand  p i c k i n g  w i th  f o r c e p s ) , w h i l e  th e  number 
o f  a s s o c i a t e d  fau n a  w ere c o u n te d  w i t h i n  e ach  s e c t i o n  o f  a g r id  
drawn on th e  b o t to m  o f  a p e t r i  d i s h .  Anim als c o l l e c t e d  from th e  
s h o r t  f ro n d s  o f  Chondrus c r i s p u s  and G i g a r t i n a  s t e l l a t a  w ere n o t  
used  i n  t h e s e  c a l c u l a t i o n s  due to  t h e  e s c a p e  o f  a n im a ls  d u r in g  
sam p lin g .
A f t e r  an im a l  re m o v a l ,  t h e  c o l l e c t e d  a lg a e  was p la c e d  i n  s e a ­
w a te r  f o r  15 m in u te s ,  th e n  d r a i n e d ,  t w i r l e d  v ig o r o u s l y  i n  a  3 .0  mm 
X 2 .0  mm meshed n e t  f o r  15 se co n d s  to  remove e x c e s s  w a te r  and 
w eighed .
L a b o r a to ry  E x p e r im e n ta l  S tu d ie s
A t t r a c t i v e n e s s  H ie ra r c h y
A p l a n t  a t t r a c t i v e n e s s  h i e r a r c h y  was c o n s t r u c t e d  u s in g  a  5 -  
l i t e r  t e s t i n g  chamber d u r in g  s u m m e r- f a l l  1978. Only m acro a lg ae
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f r e e  o f  a t t a c h e d  e p ip h y t e s  were u s e d ,  a l th o u g h  e p i p h y t i c  d ia tom s 
and m ic ro a lg a e  may have  been  p r e s e n t .  E qual w e ig h ts  (2 g) o f  two 
a lg a e  w ere added a l t e r n a t e l y  to  t h e  f o u r  c o r n e r s  o f  t h e  w a te r  
f i l l e d  c o n t a i n e r  (F ig .  1 ) .  F o r ty  a d u l t  amphipods were th e n  r e ­
le a s e d  i n t o  t h e  c e n t e r  o f  th e  aq u a r iu m . A f t e r  1 - 1 /2  h o u r s ,  a c t i v e  
e x p lo r a to r y  a c t i v i t y  m arked ly  d e c l i n e d  . A ccess  be tw een  co m p ar t­
ments was th e n  p r o h i b i t e d  by a d i v i d e r  and th e  number o f  amphipods 
i n  each  s e c t i o n  was r e c o r d e d .  The p ro c e d u re  was r e p e a t e d  w i th  an 
a d d i t i o n a l  f r e s h  b a tc h  o f  a n im a ls  and a l g a e .  The a lg a e  was r o t a t ­
ed to  c o r r e c t  f o r  any  p o s s i b l e  d i f f e r e n c e s  betw een  c o m par tm en ts .  
The t o t a l  number o f  amphipods on each  a l g a l  s p e c i e s  was summed and 
the  r e s u l t i n g  f r e q u e n c ie s  compared by c h i - s q u a r e .  T h is  was done 
f o r  each  p o s s i b l e  d u p l i c a t e  c o m b in a t io n  o f  8  p l a n t  s p e c i e s  chosen  
on th e  b a s i s  o f  t h e i r  m orphology and l i f e  h i s t o r y  f e a t u r e s  (T ab le  
1) . Each com par ison  was s c o re d  a c c o r d in g  to  t h e  m ethods o f  N ico­
t r i  (1 9 8 0 ) ,  i . e . ,  a 3 was a s s i g n e d  to  t h e  "w in n e r"  i f  s t r o n g l y  
p r e f e r r e d  (p < 0 . 0 1 ) ,  a 2 i f  l e s s  s t r o n g l y  p r e f e r r e d  (p < 0 . 0 5 ) ,  
and a 0 a s s ig n e d  to  th e  l o s e r .  Both s p e c i e s  were a s s ig n e d  a 1 i f  
no p r e f e r e n c e  was e v id e n t  (P > 0 .0 5 ) .  The s c o r e s  f o r  each  s p e c i e s  
were th e n  summed o v e r  a l l  com parison  to  g iv e  an " a t t r a c t i v e n e s s  
h i e r a r c h y "  w i th  h i g h e r  s c o r e s  i n d i c a t i n g  g r e a t e r  a t t r a c t i v e n e s s .  
E d i b i l i t y
A d u l t  HL n i l s s o n i  were c o l l e c t e d  from th e  open c o a s t  and 
im m edia te ly  p r e s e r v e d  i n  4% b u f f e r e d  f o r m a l in  c o n t a i n i n g  a sm a l l  
amount o f  co p p e r  s u l f a t e  added t o  r e t a i n  c h lo r o p h y l l  g ree n  
(Minckly and C o l e ,1 9 6 3 ) .  The a n im a ls  w ere examined f o r  g u t  co n -
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F i g .  1 . E x p e r im e n ta l  chamber f o r  d e t e r m i n a t i o n  o f  a l g a l  a t t r a c t i v e ­
n e s s  h i e r a r c h y .
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Species A Species B
Species B Species A
F ig .  1
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T a b le  1. M o rp h o lo g ic a l  and L i f e  H i s to r y  C h a r a c t e r i s t i c s  
o f  A lgae  Used i n  t h e  A t t r a c t i v e n e s s  S tudy
Taxononic Group
C hlo rophyceae  (Green A lgae)
Enterom orpha i n t e s t i n a l i s
Monostroma fuscum
Phaeophyceae (Brown A lgae)
Fucus s p i r a l i s  
Ascophyllum  nodosum
Rhodophyceae (Red A lgae)
P o ly s ip h o n ia  l a n o s a
P o rp h y ra  u m b i l i c a l i s  
Chondrus c r i s p u s  
G i g a r t i n a  s t e l l a t a
Morphology
s o f t ,  t u b u l a r  
unb ranched  
s o f t ,  f l a t  s h e e t
r o b u s t , b ran ch ed  
r o b u s t ,  b r a n c h e d ,  
r o p e - l i k e
f i l a m e n to u s ,  b r a n c h e d ,  
e p i p h y t i c  
s o f t ,  f l a t  s h e e t  
f i r m ,  b r a n c h e d ,  bushy  
f i r m ,  b ra n c h e d ,  bushy
L i f e  H i s to r y
E
E










t e n t s .
W ith  t h e  p l a n t  a t t r a c t i v e n e s s  h i e r a r c h y  a s  a  b a s i s ,  t h e  m ost 
and l e a s t  p r e f e r r e d  p l a n t s  w ere  com pared  f o r  e d i b i l i t y .  A d u l t  
a n im a ls  w ere  c o l l e c t e d  from  t h e  f i e l d ,  and  a  g ro u p  o f  50 w ere  f e d  
one o f  t h e  two p l a n t s .  F e c a l  p e l l e t  a b u n d a n ce  was o b s e r v e d  o v e r  a 
1  week p e r i o d  and  g u t  c o n t e n t s  w ere  ex a m in ed .
A lg a l  S u r f a c e  M orphology
F ro n d s  o f  t h e  e i g h t  p l a n t  s p e c i e s  u s e d  i n  t h e  a l g a l  a t t r a c ­
t i v e n e s s  h i e r a r c h y  w ere  c o l l e c t e d  and  exam ined  f o r  t h e i r  e p i m i c r o -
O
b i o t a  w i t h  an  A.M.R. 1 ,000A  s c a n n i n g  e l e c t r o n  m ic r o s c o p e  d u r in g  
summer 1979 . S pec im ens  w ere  f i x e d  i n  3% g l u t a r a l d e h y d e  i n  0 .4 5  pm 
f i l t e r e d  s e a w a te r  f o r  30 m i n u t e s ,  w ashed  w i t h  0 .4 5  pm f i l t e r e d  s e a ­
w a t e r ,  p o s t - f i x e d  i n  2% OsO^ i n  0 .4 5  ym f i l t e r e d  s e a w a te r  f o r  20 
m in u te s  and d e h y d r a t e d  th r o u g h  an  e t h a n o l  s e r i e s .  F ro n d s  w ere  
th e n  c r i t i c a l l y  p o i n t  d r i e d  (S am d ri  C .P .D . (T o u s im as)  ) ,  m ounted
o
on alum inum  s t u b s  and  c o a t e d  w i t h  200A  o f  g o l d / p a l l a d i u m  ( 6 0 /4 0 )  
i n  a  Ladd Vacuum E v a p o r a t o r .  The e n t i r e  s u r f a c e s  w ere  exam ined  
and r e p r e s e n t a t i v e  m ic r o g r a p h s  w ere  t a k e n .
III. RESULTS
F i e l d  O b s e r v a t io n s
Hyale  n i l s s o n i  was g e n e r a l l y  more abundan t  on t h e  open c o a s t  
th an  w i t h in  t h e  E s t u a r y .  On th e  open c o a s t  i t  co m p rised  more th a n  
h a l f  o f  t h e  t o t a l  a l g a l - i n h a b i t i n g  fau n a  d u r in g  w i n t e r  and s p r i n g  
(F ig .  2 ) .  I t  was a l s o  t h e  most abundan t  a l g a l - i n h a b i t i n g  am phi- 
pod d u r in g  t h i s  s tu d y .
A s s o c ia t e d  w i th  t h e  s p e c i e s  w ere :  o t h e r  amphipods ( p r i m a r i l y
Marinogammarus o b t u s a t u s  and M. f in m a rc h ic u s  on t h e  open c o a s t ,  and 
M. f in m a rc h ic u s  i n  t h e  E s t u a r y ) ;  a n d ,  a t  b o th  l o c a t i o n s ,  i so p o d s  
(J a e r a  a l b i f r o n s ) , m i t e s  ( I s o b a c t r u s  s e t o s u s ) , h a r p a c t i c o i d  c o p e -  
p ods ,  and g a s t r o p o d s  (L i t t o r i n a  l i t t o r e a , L,. o b t u s a t a ) . O the r  
a n im a ls  e n c o u n te re d  b u t  n o t  c o n s id e r e d  h e r e ,  due to  t h e i r  low 
abundance o r  t h e i r  a l g a l  a t t a c h m e n t ,  r e s u l t i n g  i n  u n r e l i a b l e  
c o u n ts  i n c lu d e d  unsegm ented  worms, p o l y c h a e t e s ,  d e c a p o d s ,  b i ­
v a lv e s  and i n s e c t s .
The abundance  o f  a l g a l - i n h a b i t i n g  a n im a ls  d e c re a s e d  d u r in g  t h e  
w in t e r  a t  b o th  h a b i t a t s ,  b u t  even a t  t h i s  t im e ,  H. n i l s s o n i  made 
up th e  h i g h e s t  p e r c e n ta g e  c o m p o s i t io n  o f  th e  fau n a  a t  O d io r n e 's  
P o in t  (F ig .  2 ) .  Open c o a s t a l  peak  abundances  o c c u r r e d  i n  th e  
summer f o r  g a s t r o p o d s ,  copepods and m ite s ,  i n  t h e  s p r i n g  f o r  J3. 
n i l s s o n i , i s o p o d s  and a s s o c i a t e d  amphipods (F ig .  3 ) .  H ig h e s t  
e s t u a r i n e  abundances  f o r  H. n i l s s o n i , i s o p o d s ,  g a s t r o p o d s  and
79
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F i g .  2 .  The p e r c e n t  c o n t r i b u t i o n  o f  H yale  n i l s s o n i  t o  t h e  t o t a l  
a l g a l - i n h a b i t i n g  f a u n a  a t  O d i o r n e 's  P o i n t  and Broad Cove, 
N.H. from  summer 1976 t o  s p r i n g  1977. The t o t a l  f a u n a  (n) 
i n c l u d e s  II. n i l s s o n i , o t h e r  am ph ipods ,  i s o p o d s ,  m i t e s ,  
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F ig .  3 .  The p e r c e n t  c o n t r i b u t i o n  o f  v a r i o u s  t a x a  to  t h e  t o t a l
a s s o c i a t e d  f a u n a  (n) a t  O d i o r n e 's  P o in t  and Broad Cove, 
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m ite s  o c c u r r e d  i n  t h e  summer, f o r  copepods i n  th e  f a l l ,  and i n  
th e  s p r i n g  f o r  a s s o c i a t e d  a m p h ipods . The peak  abundances  
were r e l a t e d  t o  r e p r o d u c t i v e  c y c l e s .  An a s s o c i a t i o n  be tw een  
H. n i l s s o n i  and open c o a s t a l  p o p u l a t i o n s  o f  g a s t r o p o d s  was 
s u g g e s te d  by th e  h ig h  abundance  o f  b o th  d u r in g  th e  w i n t e r  and 
s p r in g  ( F ig s .  2 & 3 ) .
Combining a l l  i n t e r t i d a l  l e v e l s ,  HL n i l s s o n i  i n h a b i t e d  P o ly -  
s ip h o n ia  l a n o s a  > Fucus s p .  > A scophyllum  nodosum a t  O d i o m e 's  
P o in t  ( F ig .  4 ) ,  w h i l e  a t  Broad Cove, where no P^ . l a n o s a  o c c u r r e d ,  
th e  amphipod i n h a b i t e d  Fucus v e s i c u l o s u s  v a r .  s p i r a l i s  > Asco­
phy llum  nodosum ( F ig .  5 ) .  Where t h e  v a r i o u s  i n t e r t i d a l  l e v e l s  
were examined s e p a r a t e l y ,  _H. n i l s s o n i  a t  O d i o m e 's  P o i n t  r e t a i n e d  
i t s  a l g a l  p r e f e r e n c e  h i e r a r c h y  o v e r  t h e  e n t i r e  i n t e r t i d a l  z o n e ,  b u t  
tended  tow ards  h i g h e r  i n t e r t i d a l  l e v e l s  w i t h i n  e ach  a l g a l  s p e c i e s  
(T ab le  2 ) .  At Broad Cove, _H. n i l s s o n i  was more ab u n d an t  h ig h  
i n t e r t i d a l l y  th a n  w i t h i n  a p a r t i c u l a r  a l g a l  s p e c i e s .
At O d io r n e 's  P o i n t ,  t h e  a s s o c i a t e d  fau n a  w ere  most abundan t  
w i th in  P^ . l a n o s a , b u t  no s t r o n g  d i s t i n c t i o n  o c c u r r e d  be tw een  Fucus 
sp .  and A. nodosum. O v e r a l l ,  t h e r e  was a  g e n e r a l  t r e n d  showing 
low er i n t e r t i d a l  l e v e l s  o f  each  a l g a l  s p e c i e s  w i th  g r e a t e r  f a u n a l  
abundance (T ab le  2 ) .  At Broad Cove, a s s o c i a t e d  fau n a  w ere most 
abundan t among Fucus v e s i c u l o s u s  v a r .  s p i r a l i s  fo l lo w e d  by an 
abundance a t  mid i n t e r t i d a l  l e v e l s .  Note t h a t  open c o a s t a l  H. 
n i l s s o n i  and g a s t r o p o d s  had t h e i r  h i g h e s t  abundance  i n  mid i n t e r ­
t i d a l  JP. l a n o s a . The t r e n d s  s t a t e d  above g e n e r a l l y  h e ld  t r u e  f o r  
each s e a s o n .
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F i g . 4 .  The mean num ber ( + 1  S . E . )  o f  H. n i l s s o n i  p e r  one  h u n d re d  
gram s o f  a l g a e  a t  O d i o r n e ' s  P o i n t  f rom  summer 1976 t o  
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F i g .  5 .  The mean number ( + 1  S .E . )  o f  H. n i l s s o n i  p e r  one hundred  
grams o f  a lg a e  a t  Broad Cove from  summer 1976 t o  s p r i n g  
1977. (F F. v e s i c u l o s u s  v a r .  s p i r a l i s , A A. nodosum) 
S ta n d a rd  e r r o r s  w ere n o t  p l o t t e d  f o r  t h e  w i n t e r  due to  



















F ig .  5
Table 2. Algal and Tidal Abundance of 11. nilssoni and its Associated Fauna
O d i o r n e 's  P o in t
t i d a l
zone A lga
low A. nodosum w/ P . l a n o s a
mid A. nodosum w/ P. l a n o s a
low F. v e s i c u l o s u s
mid F. v e s i c u l o s u s
h ig h F. s p i r a l i s
low A. nodosum
mid A. nodosum
h ig h A. nodosum
Broad Cove
mid F . v e s i c u l o s u s  v a r .  s p i r a l i s
h ig h F . v e s i c u l o s u s  v a r .  s p i r a l i s
mid A. nodosum
h ig h A. nodosum
Rank
o t h e r
T o t a l
a s s o c i a t e d
H ya le am phipods i s o p o d s m i t e s copepods g a s t r o p o d s f a u n a
2 1 1 1 2 2 . 1
1 2 4 2 3 1 2
5 7 .5 8 6 1 3 5
4 6 6 5 6 7 7
3 5 2 8 8 5 6
6 3 6 3 4 6 3
8 4 6 7 7 8 8
7 7 .5 3 4 5 4 4
3 2 1 2 1 1 1
1 1 4 1 4 2 2
4 4 2 4 2 3 3
2 3 3 3 3 4 4




L a b o r a to ry  O b s e r v a t io n s  
A t t r a c t i v e n e s s  H ie ra r c h y
Among th e  a lg a e  chosen  f o r  s tu d y  (T a b le  1 ) ,  t h e  a lg a e  found 
most a t t r a c t i v e  to  II. n i l s s o n i  was _P. l a n o s a , w h i l e  t h e  l e a s t  
a t t r a c t i v e  was A. nodosum (T ab le  3 ) .  I n  a d d i t i o n ,  s u m m e r- f a l l  
ep hem era ls  w ere  p r e f e r r e d  o v e r  th e  p e r e n n i a l s  F. s p i r a l i s  and A. 
nodosum.
E d i b i l i t y
Gut c o n t e n t s  r e v e a l e d  f u c o id  c e l l s  and d ia to m s  b u t  no P_. 
l a n o s a  c e l l s .  An e x a m in a t io n  o f  g u t  c o n te n t s  from a n im a ls  fe d  
o n ly  P^ . l a n o s a  y i e l d e d  few c e l l s  o f  t h i s  p l a n t  s p e c i e s  i n d i c a t ­
ing  r a p i d  breakdown and food u t i l i z a t i o n .  C e l l s  w i t n e s s e d  i n  th e  
gut a r e  l i k e l y  h a r d e r  to  u t i l i z e  by th e  a n im a l .  When com paring  
the  e d i b i l i t y  o f  IP. l a n o s a  w i th  A. nodosum, a g r e a t e r  abundance  
o f  f e c a l  p e l l e t s  was n o te d  when a n im a ls  w ere fe d  P^ . l a n o s a .
A lg a l  S u r f a c e  Morphology
With th e  e x c e p t io n  o f  G .  s t e l l a t a , a l g a l  s c a n n in g  e l e c t r o n  
m ic ro g rap h s  i l l u s t r a t e d  a r e  r e p r e s e n t a t i v e  o f  th e  e n t i r e  p l a n t  
s u r f a c e .  A g r e a t e r  abundance  o f  e p im ic r o b io t a  o c c u r r e d  on th e  
t i p  o f  G. s t e l l a t a  f ro n d s  th a n  on t h e  f ro n d  b a s e  ( F i g s .  13 & 1 4 ) .
P o ly s ip h o n ia  l a n o s a  (F ig .  6 ) fo l lo w e d  by C^ . c r i s p u s  ( F ig .  12) 
s u p p o r te d  t h e  g r e a t e s t  abundance  o f  e p im ic r o b io t a  w i th  d ia tom s 
c o v e r in g  a l g a l  s u r f a c e s .  The r o b u s t  and b ra n c h e d  p e r e n n i a l s ,  A. 
nodosum ( F ig .  7) and _F. s p i r a l i s  ( F ig .  8 ) and th e  s o f t  f l a t  s h e e t s  
o f  th e  e p h e m e ra ls ,  M. fuscum ( F ig .  9) and _P. u m b i l i c a l i s  (F ig .  1 0 ) ,  
a l l  had a  p a u c i t y  o f  e p i m i c r o b i o t a .  No d ia to m s  w ere o b s e rv e d  on
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T a b le  3 . A t t r a c t i v e n e s s  H ie ra r c h y
Alga S co re  Rank
P o ly s ip h o n ia  l a n o s a  (L in n a e u s )  Tandy 19 1
Porphyra  u m b i l i c a l i s  (L in n a e u s )  J .  Agardh 14 2 .5
Chondrus c r i s p u s  S ta c k h o u se  14 2 .5
Monostroma fuscum F . b l y t i i  (A reschoug)  C o l l i n s  12 4
G i g a r t i n a  s t e l l a t a  ( S ta c k h o u s e ) B a t t e r s  9 5
Enterom orpha i n t e s t i n a l i s  (L in n a e u s )  L ink  6  6
Fucus s p i r a l i s  L in n a e u s  4 7
Ascophyllum nodosum (L in n a e u s )  Le J o l i s  0 8
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th e s e  f o u r  s p e c i e s .  E n terom orpha  i n t e s t i n a l i s  (F ig .  11) e x h i b i t e d  
a d i s t i n c t i v e  c o v e r in g  o f  p e r p e n d i c u l a r l y - o r i e n t e d  b a c t e r i a .  The 
d e n s i t y  o f  e p im i c r o b i o t a  c o l o n i z a t i o n  on a l l  a lg a e  was p ro b a b ly  
r e l a t e d  to  s u i t a b l e  s p a c e  d e te rm in e d  by o t h e r  f a c t o r s  ( e . g . ,  
s lo u g h in g  o f  c u t i c l e ,  c h e m ic a l  d e f e n s e ) .
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F ig .  6 . S cann ing  e l e c t r o n  m ic ro g ra p h  o f  t h e  h e a v i l y  c o lo n iz e d
_P. l a n o s a . D d ia to m , F f i l a m e n to u s  b a c te r iu m .  X 787.
F ig .  7. A lg a l  c e l l s  (A) a r e  c l e a r l y  v i s i b l e  i n  A. nodosum.
C c o c c o id  b a c te r iu m ,  F f i l a m e n to u s  b a c te r iu m .  X 2800.
F ig .  8 . Coccoid  (C) and f i l a m e n to u s  (F) b a c t e r i a  s p a r s e l y  c o v e r  
t h e  s u r f a c e  o f  F_. s p i r a l i s . A a l g a l  c e l l .  X 2425.
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F ig .  9 . Monostroma fuscum c o lo n iz e d  by b a c t e r i a l  fo rm s .
P p e r p e n d i c u l a r ,  R ro d  sh a p e d ,  C c o c c o id ,  F 
X 2380.
f i l a m e n to u s .
F ig .  10 . B a c t e r i a l  form s a r e  found on t h e  s u r f a c e  o f  P_. u m b i l i c a l i s . 
F f i l a m e n t o u s ,  C c o c c o id ,  R ro d  sh a p e d .  X 2053.
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F ig .  11 . E n terom orpha  i n t e s t i n a l i s  h a s  a  d i s t i n c t i v e  c o v e r in g  o f  
p e r p e n d i c u l a r l y - o r i e n t e d  b a c t e r i a  ( P ) . A a l g a l  c e l l s ,  
Po r e p r o d u c t i v e  p o r e .  X 2586.
F ig .  12 . The h e a v i l y  c o lo n iz e d  s u r f a c e  o f  C .  c r i s p u s . D d ia tom , 
R ro d  b a c te r iu m ,  F f i l a m e n to u s  b a c te r iu m ,  C c o c c o id  
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Fig. 13. Epimicrobiota abundance on the tip of a G. stellata frond.
D d ia to m ,  F f i l a m e n to u s  b a c te r iu m ,  R ro d  b a c te r iu m ,
C c o c c o id  b a c te r iu m ,  Ci c i l i a t e .  X 933.
F ig .  14 . E p im ic r o b io ta  p a u c i t y  on t h e  f ro n d  b a se  o f  (3. s t e l l a t a .
D d ia to m ,  F f i l a m e n to u s  b a c te r iu m ,  R ro d  shaped  b a c te r iu m ,
C c o c c o id  b a c te r iu m .  X 2088.

IV. DISCUSSION
The a t t r a c t i v e n e s s  o f  a n  a l g a  was shown t o  i n f l u e n c e  t h e  abundance  
and d i v e r s i t y  o f  a n im a ls  i n h a b i t i n g  i t .  Frond m o rpho logy , f o r  exam ple, 
was im p o r ta n t  t o  t h e  p r e s e n c e  o f  H. n i l s s o n i . Of t h e  a l g a e  examined 
in  t h i s  s tu d y ,  l a n o s a  was t h e  m ost a t t r a c t i v e  to  JH. n i l s s o n i  and 
had t h e  m ost f i n e  and d e n s e l y  packed  f r o n d s .  The m orphology  o f  _P. 
la n o s a  a l lo w e d  H. n i l s s o n i  t o  c l i n g  e a s i l y  w h i l e  t h e  a l g a ’ s  compact 
n a tu r e  a l lo w e d  i n d i v i d u a l s  t o  move w i t h i n  t h e  c lum ps. T hese  clum ps 
a l s o  p ro v id e d  13. n i l s s o n i  y e a r  round  p r o t e c t i o n  from p r e d a t o r s  and 
d e s i c c a t i o n .  L a b o r a to ry  e x p e r im e n ts  s u g g e s te d  t h a t  i n  t h e  a b s e n c e  
o f  J?. l a n o s a  and w i th  an  abundance  o f  e p h e m e ra ls ,  II. n i l s s o n i  ten d e d  
to  choose  e p h e m e ra ls  o v e r  t h e  p e r e n n i a l s  A. nodosum and JF. s p i r a l i s  
f o r  s h e l t e r .  The s o f t  f o l d i n g  n a t u r e  o f  t h e  ephem era l  a l g a e  a l lo w e d
H. n i l s s o n i  t o  be  e a s i l y  en v e lo p e d  among t h e i r  f r o n d s .
I n  a d d i t i o n  t o  b e in g  an  a t t r a c t i v e  h a b i t a t  f o r  s m a l l  a n im a ls ,  
such a s  H. n i l s s o n i , t h e  e d i b i l i t y  o f  t h e  p l a n t  m ust a l s o  be  con­
s i d e r e d .  M ajor d e t e r r e n t s  t o  c o n s id e r  a r e  t h e  ephem era l  n a t u r e  
and t e x t u r e  o f  t h e  p l a n t  (Lubchenco , 1978; N i c o t r i ,  1 9 80 ) ,  and t h e  
p re se n c e  o f  a n t i h e r b i v o r e  s u b s ta n c e s  (Ogden, 1976; V a l i e l a ,  e t  a l . , 
1979; N i c o t r i ,  1 9 80 ) .  Ephem eral p l a n t s  p ro b a b ly  a v o id e d  H. n i l s s o n i  
p r e f e r e n c e  by t h e i r  s e a s o n a l  p r e s e n c e  i n  t h e  f i e l d .  However, t h e  
low abundance  o f  _E. i n t e s t i n a l i s  on em ergen t s u b s t r a t a  a t  New Hamp­
s h i r e  l o c a t i o n s  m igh t have  been  due to  i t s  consum ption  by II. n i l s ­
s o n i  and by t h e  g a s t r o p o d  L i t t o r i n a  l i t t o r e a  (Lubchenco , 1978) .
Hyale n i l s s o n i ' s  e d i b i l i t y  p r e f e r e n c e  f o r  II. i n t e s t i n a l i s  was s u b -
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s t a n t i a t e d  by  D. Cheney ( p e r s o n a l  c o m m u n ic a t io n )  d u r i n g  a  one  
month c o m p a r a t iv e  s t u d y  w h e re  E,. i n t e s t i n a l i s  was consumed by  H. 
n i l s s o n i  m ore  t h a n  C hondrus  c r i s p u s . E phem era l  p l a n t s  m ig h t  l a c k  
a n t i h e r b i v o r e  s u b s t a n c e s  and  by t h e i r  s o f t  body t e x t u r e  c o u ld  be 
more e a s i l y  consumed t h a n  A. nodosum and  _E. s p i r a l i s  w h ic h  a r e  
r e p o r t e d  t o  c o n t a i n  a n t i h e r b i v o r e  s u b s t a n c e s  ( S i e b u r t h  and  J e n s e n ,  
1968, 1969) and  a r e  t o u g h  i n  t e x t u r e .  P o l y s i p h o n i a  l a n o s a  was 
r e a d i l y  a v a i l a b l e  t h r o u g h o u t  t h e  y e a r  and i t s  f r o n d s  w e re  e a s i l y  
consumed by H. n i l s s o n i . Any a n t i h e r b i v o r e  s u b s t a n c e  p r e s e n t  i n  
Z* 3-a n o s a  d i d  n o t  a p p e a r  t o  d e t e r  H. n i l s s o n i  from  l i v i n g  i n  o r  
e a t in g  t h i s  a l g a .
A n t i h e r b i v o r e  s u b s t a n c e s  m ig h t  a f f e c t  n o t  o n l y  _H. n i l s s o n i *  s 
food c h o i c e ,  b u t  t h e  p r e s e n c e  o f  e p i p h y t e s  and  e p i m i c r o b i o t a  
i n h a b i t i n g  a l g a l  s u r f a c e s .  P l a n t  s u r f a c e  c o l o n i z e r s  may be  
im p o r ta n t  n u t r i t i o n a l  r e s o u r c e s  f o r  a n im a ls  ( S i e b u r t h ,  e t  a l . ,
1974; Ogden and  L o b e l ,  1 9 7 8 ) ,  and t h e i r  p r e s e n c e  m ig h t  v a r y  s e a ­
s o n a l ly  and  a lo n g  d i f f e r e n t  s e c t i o n s  o f  t h e  p l a n t .  The s e a s o n ­
a l i t y  o f  e p i m i c r o b i o t a  c o l o n i z a t i o n ,  t h e r e f o r e ,  s h o u ld  b e  c o n ­
s id e r e d  when e x a m in in g  my s c a n n in g  m i c r o g r a p h s .  T o o t l e  (1974) 
found maximum b a c t e r i a l  c o l o n i z a t i o n  f o r  P_. l a n o s a  and  t h e  l e a s t  
c o l o n i z a t i o n  o f  A. nodosum and  _F. v e s i c u l o s u s  d u r in g  t h e  summer in  
Rhode I s l a n d ,  w h i l e  b a c t e r i a l  c o l o n i z a t i o n  r e m a in e d  r e l a t i v e l y  
c o n s t a n t  f o r  _C. c r i s p u s  t h r o u g h o u t  t h e  y e a r .  I n  t h e  p r e s e n t  s t u d y ,  
P. l a n o s a  had t h e  g r e a t e s t  s u r f a c e  c o l o n i z a t i o n  o f  t h e  e i g h t  p l a n t s  
examined d u r i n g  t h e  summer. The h i g h  a b u n d a n c e  o f  f i l a m e n t o u s  
m ic r o b ia l  fo rm s  s e e n  h e r e  was a l s o  o b s e rv e d  by T o o t l e  (1974) .
These l a r g e r  b a c t e r i a l  f i l a m e n t s  m ig h t  o b s c u r e  s m a l l e r  m i c r o b i a l
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form s. High d ia to m  abundance  on r e d  a l g a e  o b se rv e d  i n  t h e  p r e ­
se n t  s tu d y  was a l s o  r e p o r t e d  by T o o t l e  (1974) f o r  r e d  a l g a e .  E p i ­
m ic r o b io ta  c o l o n i z a t i o n  may be  i n f l u e n c e d  by s lo u g h in g  o f  t h e  
c u t i c l e  and s c o u r in g  by  wave a c t i o n  i n  t h e  i n t e r t i d a l  zone  ( T o o t l e ,  
1974). T hus ,  f u r t h e r  s t u d i e s  a r e  needed  t o  a n a ly z e  t h e  c o l o n i z a ­
t i o n  o f  e p im ic r o b io t a  on d i f f e r e n t  a l g a l  s p e c i e s ,  a s  w e l l  a s  
t h e i r  s e a s o n a l i t y  and p o s s i b l e  n u t r i t i v e  v a l u e  f o r  consumer s p e c i e s .
The two f a c t o r s ,  a t t r a c t i v e n e s s  and e d i b i l i t y ,  i n f l u e n c e d  t h e  
abundance o f  H. n i l s s o n i  on a l g a e .  N e v e r t h e l e s s ,  l a b - d e te r m in e d  
p r e f e r e n c e s  c o u ld  be  s u b t l y  o b s c u re d  i n  t h e  f i e l d  s i n c e  H. n i l s s o n i  
was q u i t e  m o b i le  and may have  made f a s t  t r i p s  t o  n u t r i t i o u s  food  
so u rc e s  w h i le  sp e n d in g  m ost o f  i t s  t im e  i n  o t h e r  a l g a e  u sed  a s  a  
p r o t e c t i v e  h a b i t a t .  When o f f e r e d  b o th  C^ . c r i s p u s  and IS. i n t e s i -  
n a l i s  a t  t h e  same t im e ,  D. Cheney ( p e r s o n a l  com m unica tion)  found  
II. n i l s s o n i  to  consume more IS. i n t e s t i n a l i s , b u t  t o  p r i m a r i l y  
i n h a b i t  C^ . c r i s p u s . Chondrus c r i s p u s  was a l s o  p r e f e r r e d  a s  a 
h a b i t a t  o v e r  IS. i n t e s t i n a l i s  i n  t h e  p r e s e n t  a t t r a c t i v e n e s s  s tu d y .
In  t h e  f i e l d ,  Cl. c r i s p u s  p ro v id e d  a  f i r m  h o l d f a s t  t o  c l i n g  t o  
and a l g a l  m a ts  t o  p r o t e c t  a n im a ls  from  d e s s i c a t i o n .  N i c o t r i  (1980) 
a l s o  n o te d  s i m i l a r  m o b i l i t y  f o r  t h e  iso p o d  I d o t e a  b a l t i c a . How­
e v e r ,  two s lo w e r  moving a n im a ls ,  L i t t o r i n a  l i t t o r e a  s t u d i e d  by 
Lubchenco (1978) and Ampithoe v a l i d a  s tu d i e d  by N i c o t r i  ( 1 9 8 0 ) ,  
(p e rh a p s  p r o t e c t e d  from  p r e d a t o r s  by t h e i r  s h e l l  and t u b e ,  r e s p e c t ­
iv e ly )  i n h a b i t  a l g a e  p r e f e r r e d  f o r  i t s  e d i b i l i t y  ( N i c o t r i ,  1980) .
As I  have  shown, P_. l a n o s a  had a  number o f  p o s i t i v e  f e a t u r e s ,  
p ro v id in g  p r o t e c t i o n  from  p r e d a t o r s  and d e s i c c a t i o n ,  i t  was e a s i l y
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he ld  on t o ,  a v a i l a b l e  y e a r  r o u n d ,  e a s i l y  consum ed , and n u t r i t i o u s .  
Thus, a s  p o i n t e d  o u t  by  N i c o t r i  ( 1 9 8 0 ) ,  t h e  l i f e  s t y l e  o f  t h e  
an im a ls  s h o u ld  b e  s t u d i e d ,  s i n c e  a l g a l  p r e f e r e n c e s  c o u ld  b e  
in f lu e n c e d  by n o n - n u t r i t i o u s  f a c t o r s .
I n  a d d i t i o n  t o  a l g a l  p r e f e r e n c e s ,  t h e  a s s o c i a t e d  f a u n a  and 
c l i m a t i c  c o n d i t i o n s  c o u ld  f u r t h e r  a f f e c t  t h e  d i s t r i b u t i o n  and 
abundance  o f  H. n i l s s o n i  w i t h i n  t h e  i n t e r t i d a l  z o n e .  M o b i l i t y  
and t h e  o c c u p a t i o n  o f  h i g h e r  i n t e r t i d a l  l e v e l s  a l lo w e d  t h i s  
s p e c ie s  t o  a v o id  t h e  a b u n d a n c e  o f  i t s  a s s o c i a t e d  f a u n a  and p r e ­
d a to r y  f i s h  and c r a b s .  D u r in g  e x t r e m e  c l i m a t i c  c o n d i t i o n s ,  H. 
n i l s s o n i  m i g r a t e d  u n d e r  g a s t r o p o d s  and g r a v e l  and  moved f rom  d r i e d  
to  m o is t  a l g a e .  A m p h ip o d -g a s tro p o d  a s s o c i a t i o n s  w e re  p re v 5 .o u s ly  
no ted  f o r  H y a le  s p .  ( B r a t t e g a r d ,  1963; J o h n s o n ,  1968; V a d e r ,  1972 
( r e v ie w ) ;  B ra n c h ,  1 9 7 5 ) .
The h i g h e r  a b u n d a n c e  o f  H. n i l s s o n i  on t h e  open  c o a s t  p e r ­
haps i l l u s t r a t e d  t h e  s p e c i e s  p r e f e r e n c e  f o r  r e l a t i v e l y  c o n s e r v a ­
t i v e  s a l i n i t y  and  w a t e r  t e m p e r a t u r e  v a r i a t i o n .  L ack  o f  s u i t a b l e  
s u b s t r a tu m  and i c e  s h e a r i n g  c o u ld  a l s o  l i m i t  i t s  a b u n d a n c e  w i t h i n  
th e  e s t u a r y .
As t h i s  s t u d y  h a s  shown, H. n i l s s o n i  i s  t h e  d o m in a n t  r o c k y  
i n t e r t i d a l  a l g a l - i n h a b i t i n g  am phipod on t h e  New H a m p sh ire  s h o r e s  
s t u d i e d .  I t s  a s s o c i a t i o n  w i t h  p a r t i c u l a r  a l g a l  s p e c i e s  and  
t i d a l  h e i g h t s  i l l u s t r a t e s  an  a c t i v e  p r e f e r e n c e  by t h i s  a n im a l .  
F u r th e r  s t u d i e s  on a n im a l  c o m p e t i t i o n  and  p r e d a t i o n ,  and  a n t i ­
h e r b i v o r e  s u b s t a n c e s  i n  p l a n t  m a t e r i a l  a r e  r e q u i r e d  t o  m ore  
f u l l y  d e t e r m i n e  t h e  h a b i t a t  r e q u i r e m e n t s  o f  H. n i l s s o n i .
SECTION III
TEMPERATURE-SALINITY REGIMES AND 
ENVIRONMENTAL TOLERANCES
I. INTRODUCTION
The l o c a l  g e o g ra p h ic  d i s t r i b u t i o n  o f  Hyale  n i l s s o n i  e x te n d s  
from th e  open c o a s t  i n t o  e s t u a r i e s  (G o o d h a r t ,  1941; H a r to g ,  1 9 6 3 ) ,  
w h ile  i n  th e  l a b o r a t o r y ,  th e  s p e c i e s  t o l e r a t e s  1 ° /o o  o r  72 ° /o o  
f o r  24 h o u rs  (Moore, 1 9 7 7 ) .  In  t h i s  s e c t i o n ,  t h e  s u r v i v a l  o f  
s p r in g  r e l e a s e d  j u v e n i l e s  o f  H. n i l s s o n i  from open c o a s t a l  and 
e s t u a r i n e  New H am pshire p o p u l a t i o n s  were compared i n  th e  l a b o r a t o r y  
a t  v a r i o u s  t e m p e r a t u r e - s a l i n i t y  c o m b in a t io n s .
The e x p e r im e n t  was a random ized  b lo c k  d e s ig n  w i th  two r e p l i ­
c a te s  o f  each  t r e a t m e n t . The t r e a t m e n t s , a r r a n g e d  i n  a  f a c t o r i a l  
p a t t e r n ,  i n c lu d e d :
1. L o c a t io n  -  open c o a s t a l  and e s t u a r i n e
2 . T em pera tu re  a t  f i v e  l e v e l s
3. S a l i n i t y  a t  s i x  l e v e l s
4 .  Days a t  f o u r  l e v e l s
The r e s p o n s e  r e c o r d e d  was p e r c e n t  s u r v i v a l  o f  H. n i l s s o n i .
II. MATERIALS AND METHODS
G re a t  Bay T e m p e r a t u r e - S a l i n i t y  Regimes
S u r fa c e  w a te r  o f f  J a f f r e y  P o i n t  ( n e a r  O d i o r n e 's  P o i n t )  and 
Adam's P o i n t ,  N.H. ( F ig .  2 i n  .1 L i f e  H i s to r y  and G e n e ra l  Ecology) 
was c o l l e c t e d  m onth ly  a t  low t i d e  by a s u b m e r s ib le  pump ab o a rd  
the  R/V J e r e  A. C h a se , U.N.H. T e m p era tu re  and s a l i n i t y  were 
m easured w i th  a m ercu ry  therm om ete r  and an A u toS a l  c o n d u c t i v i t y  
m e te r .
T e m p e r a t u r e - S a l i n i t y  T o le ra n c e s  
Anim als c o l l e c t e d  i n  June  1978 from O d i o r n e 's  P o i n t  and Adam' 
P o in t ,  N.H. w ere  s u p p l i e d  w i th  a lg a e  and m a in ta in e d  i n  t h e  l a b o r a ­
to ry  a t  e n v i ro n m e n ta l  c o n d i t i o n s  (15°C and30°/oo) w i t h i n  c o n t a i n e r s  
p la c e d  i n  a  f r e e  f lo w in g  w a te r  t a b l e .  W ith in  48 h o u rs  a f t e r  c o l ­
l e c t i o n ,  j u v e n i l e s  (<c 2 .5  mm i n  l e n g t h )  were t r a n s f e r r e d  to  e x p e r i  
m enta l  t e m p e r a t u r e s .  A f t e r  e q u i l i b r i u m  to  t h e  e x p e r im e n ta l  tem­
p e r a t u r e s  (4 ,  8 , 15 , 20 and 2 5 °C ) , two r e p l i c a t e s  o f  10 a n im a ls  
per  150 ml. c o n t a i n e r  f i l l e d  w i th  f i l t e r e d  (0 .4 5  um) w a t e r ,  were 
exposed (u n fed )  to  e a c h  t e m p e r a t u r e - s a l i n i t y  c o m b in a t io n  ( 4 ,  8 , 15 
20 and 25°C, and 0 ,  5 ,  15 , 20 , 30 and 40 ° /o o )  f o r  f o u r  d a y s .  
S a l i n i t i e s  were o b t a i n e d  by th e  a d d i t i o n  o f  d i s t i l l e d  w a te r  o r  by 
g e n t l e  e v a p o r a t i o n  o f  f i l t e r e d  s e a w a te r .  At t h e  end o f  e a ch  day , 
w a te r  was changed and th e  c o n d i t i o n  o f  each  a n im a l  was r e c o r d e d  
( a l i v e ,  m oribund , d e a d ) .  Anim als a b l e  to  move p a r t s  o f  t h e i r
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body, b u t  n o t  a b l e  t o  move from p l a c e  t o  p l a c e  w ere d e s ig n a t e d  as 
m oribund. These w ere  c o n s id e r e d  dead  i n  d a t a  a n a l y s i s  s i n c e  p r e ­
v io u s  e x p e r im e n ts  showed t h a t  t h e s e  a n im a ls  r a r e l y  r e c o v e r e d .  
"D eath" was r e c o r d e d  i n  th e  a b se n c e  o f  p e ra e o p o d  movement a n d /o r  
p leopod  b e a t  and th e  l a c k  o f  c o o r d i n a t e d  movement when touched  
w i th  a  b l u n t  p r o b e .  Dead a n im a ls  w ere  removed from t h e  c o n t a i n e r s  
and p r e s e r v e d  i n  70% e t h a n o l .
Ill. RESULTS
G re a t  Bay T e m p e r a t u r e - S a l i n i t y  Regimes
H yale  n i l s s o n i  i s  a e u r y h a l i n e  s p e c i e s .  P o p u la t i o n s  c o l ­
l e c t e d  d u r in g  1978 e x p e r i e n c e d  g r e a t e r  f l u c t u a t i o n s  o f  s u r f a c e  
low w a te r  t e m p e r a tu r e s  ( - 1 . 0  to  23 .0°C ) and s a l i n i t y  (1 0 .0  to  
31.0  ° /o o )  a t  e s t u a r i n e  Adam's P o i n t  a s  compared w i th  t h e  open 
c o a s t a l  l o c a t i o n ,  O d i o r n e 's  P o i n t  ( 0 .3  to  16 .0°C  and 2 9 .0  to  32 .0  
° /o o  r e s p e c t i v e l y )  ( F i g s .  1 & 2 ) .
T e m p e r a t u r e - S a l i n i t y  T o le ra n c e s
T o le ra n c e s  o f  open c o a s t a l  and e s t u a r i n e  j u v e n i l e s  to  tem­
p e r a t u r e - s a l i n i t y  c o m b in a t io n s  w ere n o t  s i g n i f i c a n t l y  d i f f e r e n t  
(5 way ANOVA, p _< 0 .0 1 ,  s e e  T a b le  1 i n  Appendix  B ) . The r e s u l t s
o f  t h e s e  two l o c a t i o n s  w ere  t h e r e f o r e  com bined.
E x p e r im e n ta l  r e s u l t s  a r e  d e p ic t e d  i n  F ig u re  3 . For 0 ° /o o
s a l i n i t y ,  m o r t a l i t y  was r a p i d  f o r  a l l  l e v e l s  o f  t e m p e r a tu r e ,  w i th  
l e s s  th a n  25 % s u r v i v a l  a f t e r  t h e  f i r s t  d a y .  S u r v iv a l  i n c r e a s e d  
as s a l i n i t y  i n c r e a s e d  from 0 ° /o o  to  30 ° / o o .  The d a t a  s u g g e s te d  
a s l i g h t  d e c r e a s e  i n  s u r v i v a l  a t  40 ° /o o  s a l i n i t y .  S u r v iv a l  was 
lower a t  t h e  h i g h e r  t e m p e ra tu re  l e v e l s ,  e s p e c i a l l y  a t  25°C. As 
e x p e c te d ,  an im a l  s u r v i v a l  d e c re a s e d  w i th  t im e  under  s t r e s s e d  con­
d i t i o n s ,  and 100% s u r v i v a l  o c c u r r e d  a t  c o n t r o l  c o n d i t i o n s  (30 ° / o o ,  
15°C) f o r  t h e  f o u r  d a y s .
109
F ig .  1 .  M onthly s u r f a c e  low w a te r  t e m p e r a tu r e  (°C) a t  J a f f r e y  
P o in t  (JP )  and Adam's P o in t  (AP) d u r in g  1978. (Daly 










F i g .  2 .  M onth ly  s u r f a c e  low w a t e r  s a l i n i t i e s  (c/ o o )  a t  J a f f r e y  
P o i n t  ( JP )  and  Adam 's P o i n t  (AP) d u r in g  19 7 8 .  (D aly  
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F ig .  3 .  P e r c e n t  s u r v i v a l  o f  open c o a s t a l  and e s t u a r i n e  j u v e n i l e s  
s u b j e c t e d  to  t e m p e r a t u r e - s a l i n i t y  c o m b in a t io n s  o v e r  fo u r  




















Two r e g r e s s i o n  e q u a t i o n s  summ arized th e  e s s e n t i a l  e x p e r im e n ta l  
r e s u l t s :
0  ° / o o  s a l i n i t y
Y = - 4 .3 1  + 1 .456X1 -  1 .640X 3 + 0 .0291X3 -  lO.SZlnXj^ +
6.751nX3 + l .aseC lnX j^)  ( lnX 3)
= 62 p e r c e n t  MSE = 1 .8 9
G r e a te r  th a n  0 ° / o o  s a l i n i t y
Y = 5 .1 0  + 1 .065X 1 -  0 .115X 2 + 1 .49X 3  -  0 .0290X3 -  0 .1 5 0 X ^ 2  +
0 .0 0 0 8 4 X ^ X 2  -  7 .0 1  lnXx + 2.1221nX 2  -  6 .751nX3 +
0 .6 7 2 ( ln X 1) ( lnX 2) + 2 .225  ( l n X ^  ( lnX 3)
= 63 p e r c e n t  MSE = 1 .6 7
where In  = n a t u r a l  l o g a r i t h m  
2
R = c o e f f i c i e n t  o f  d e t e r m i n a t i o n
MSE = mean s q u a re  e r r o r  
v  _ i (% s u r v i v a l ) / 1 0 0  
1 -(% s u r v i v a l ) / 1 0 0
X^ = number o f  days
X2 = ° / o o  s a l i n i t y
X3  = t e m p e r a tu r e  °C
A l l  th e  in d e p e n d e n t  v a r i a b l e s  were a t  l e a s t  s i g n i f i c a n t  a t  
th e  0 .0 5  l e v e l ;  most a r e  s i g n i f i c a n t  a t  t h e  0 .0 1  l e v e l .  E x p e r i ­
m en ta l  r e s p o n s e s  p r e d i c t e d  by th e  e q u a t i o n s  and t r a n s fo r m e d  back
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to  s u r v i v a l  p e r c e n t s  a r e  g iv en  i n  T a b le s  2 and 3 i n  Appendix B.
IV. DISCUSSION
The g r e a t e r  s u r v i v a l  a t  low w a te r  t e m p e r a tu r e s  o b s e rv e d  f o r  H. 
n i l s s o n i  has been  n o te d  f o r  o t h e r  b o r e a l  i n h a b i t i n g  i n t e r t i d a l  a m ph i-  
pod s p e c i e s  by D orge lo  0 .974)., At h ig h e r  t e m p e r a t u r e s ,  h ig h  l e v e l s  o f
s a l i n i t y  w ere  c r i t i c a l  f o r  s u r v i v a l .  The c o m b in a t io n  of low t o  m o d era te  
t e m p e ra tu re s  and h ig h  s a l i n i t y  i n  t h e  open c o a s t a l  w a te r s  p r o ­
v id ed  a  f a v o r a b le  h a b i t a t  f o r  H. n i l s s o n i .
The most ex trem e  s a l i n i t i e s  and t e m p e ra tu re s  t o l e r a t e d  by 
H. n i l s s o n i  i n  t h e  i n t e r t i d a l  zone o c c u r r e d  a t  low t i d e  when i n ­
d i v id u a l s  w ere exposed  to  n o n -m a r in e  c l i m a t i c  c o n d i t i o n s . At 
t h i s  t im e ,  w a te r  e v a p o r a t i o n  th ro u g h  s o l a r  r a d i a t i o n  would i n ­
c re a s e  s u r r o u n d in g  w a te r  s a l i n i t i e s  ( Jo h n so n ,  1 9 7 6 ) .  The c l im a ­
t i c  c o n d i t i o n s  were m o d if ie d  by c h a r a c t e r i s t i c s  o f  th e  a lg a e  o r  
g r a v e l  ( e . g . ,  s h a p e ,  s i z e )  i n h a b i t e d  and t h e i r  p o s i t i o n  w i t h in  
the  i n t e r t i d a l  zone . In  a d d i t i o n ,  H. n i l s s o n i  was s u b je c t e d  
to  ex trem e  f i e l d  t e m p e r a tu r e s  and s a l i n i t i e s  f o r  s h o r t e r  t im e 
p e r io d s  d u r in g  subm ergence  th a n  th o s e  t e s t e d  i n  t h e  l a b o r a t o r y .
The u n f a v o r a b le  f i e l d  c o n d i t i o n s  c o u ld  be a v o id e d  th ro u g h  th e  
escap e  mechanisms o f  hopp ing  o r  swimming w h i le  no e s c a p e  was 
a llow ed  d u r in g  e x p e r i m e n t a t i o n .  T h is  s h o u ld  be c o n s id e r e d  when 
i n t e r p r e t i n g  th e  p r e s e n t  r e s u l t s .
P e n e t r a t i o n  o f  II. n i l s s o n i  i n t o  e s t u a r i e s  was a t  l e a s t  p a r t ­
ly  d e te rm in e d  by th e  t o l e r a n c e  l i m i t s  o f  j u v e n i l e s  d u r in g  th e  
s p r in g  r e c r u i t m e n t .  I n d i v i d u a l s  w i t h in  a p o p u l a t i o n  r e a c t  p h y s io -
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l o g i c a l l y  d i f f e r e n t  t o  t e m p e r a tu r e  and s a l i n i t y  d ep en d in g  on 
t h e i r  l i f e  s t a g e ,  s e x ,  s i z e ,  and p r e v io u s  e n v i ro n m e n ta l  a c c l im a ­
t i o n s  (K inne , 1966; D o rg e lo ,  1 9 7 4 ) ,  and many young j u v e n i l e  
c r u s t a c e a n s  w ere p e rh a p s  m ore t o l e r a n t  t o  t e m p e r a tu r e  and s a l i ­
n i t y  e x tre m e s  th a n  a r e  a d u l t s  (Van D o lah , 1978; R ic h a rd ,  1978; 
McLusky, 1979).
In  c o n c lu s i o n ,  j u v e n i l e s  from  open  c o a s t a l  and e s t u a r i n e  
p o p u la t io n s  o f  H. n i l s s o n i  d id  n o t  s i g n i f i c a n t l y  d i f f e r  i n  tem ­
p e r a t u r e - s a l i n i t y  t o l e r a n c e s ,  and t h e  s p e c i e s  may be  c o n s id e r e d  
euryokous f o r  t h e s e  p h y s i c a l  f a c t o r s .  S u r v iv a l  was h i g h e r  a t  
t e m p e ra tu re s  r a n g in g  from  4 t o  15°C and s a l i n i t y  l e v e l s  from 
15 t o  SO '/ 'oo .
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Appendix Table 1.
A n a ly s is  o f  v a r i a n c e  and summary s t a t i s t i c s  o f  male body 
s i z e s  from O d i o r n e 's  P o in t  (OP) and Broad Cove (BC), N.H. 
from J u l y  1976 -  Ju n e  1977. (** = P < 0 .0 1 ,  * = P <■ 0 .0 5 ,
-  = n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  0 .0 5  and 0 .0 1 ,  t  = p rogram  
C0MPAR was u s e d .  Symbols a r e  s i m i l a r  i n  f o l l o w in g  t a b l e s .  
B lank months a r e  due to  l a c k  o f  a n im a ls  a n d /o r  w here 3 
c a t e g o r i e s  a r e  exam ined , u n e q u a l  v a r i a n c e s )
Source d f  ms f  r a t i o
J u ly  be tw een  sam p les  1 11 .45  1 5 .4  * *
w i t h i n  sam p les  44 0 .7 5
Aug. 1 2 .4 3  1 .9  -
149 1 .3 1
S e p t .  1 75 .74  6 6 .9  **
53 1 .1 3
O ct. 1 91 .4 1  110 .5  **
77 0 .8 3
Nov. 1 84 .59  164 .9  **
55 0 .5 1
Dec.
J a n .  1 1 6 .0  2 8 .9  **
14 0 .5 5
Feb. 1 12 .4 1  22 .5  **
81 0 .5 5
March 1 6 4 .1 8  100 .2  **
59 0 .6 4
A p r i l  1 30 .22  6 5 .1  **
40 0 .4 6
May t  -
June
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Appendix Table 1. (cont.)
Source N X S.D
J u ly OP 25 4 .1 0 . 6
BC 2 1 5 .0 1 . 1
Aug. OP 143 5 .5 1 . 2
BC 1 2 6 . 2 1 . 0
Sept. OP 33 6 .9 1 . 1
BC 2 2 4 .5 1 . 1
Oct. OP 40 7 .2 1 . 0
BC 39 5 .0 0 .7
Nov. OP 129 7 .5 0 .7
BC 28 5 .6 0 . 8
Dec. OP 17 7 .2 0 .9
BC 0
Jan . OP 8 7 .6 0 .4
BC 8 5 .6 1 . 0
Feb. OP 77 7 .9 0 .7
BC 5 6 . 2 0 .9
March OP 43 8 .3 0 . 6
BC 18 6 . 0 1 . 1
A p r i l OP 19 9 .0 0 . 8
BC 23 7 .3 0 . 8
May OP 25 9 .7 1 . 6
BC 13 9 .5 0 . 6
June OP 2 1 0 . 6
BC 29 4 .9 1 .7
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Appendix Table 2.
A n a ly s is  o f  v a r i a n c e  and summary s t a t i s t i c s  o f  fem ale  body s i z e s
from O d io r n e 's  P o in t  and Broad Cove, N.H. from J u ly  1976-June  1977,
Source d f  ms f  r a t i o
J u ly  betw een  sam p les  1 2 .42  1 .6  -
w i t h in  sam ples  38 1 .57
Aug. 1 0 .0 3  0 .0 2  -
48 1 .12
S e p t .
O ct.  1 10 .39  1 6 .1  **
52 0 .6 4





March 1 13 .08  19 .2  **
50 0 .6 8
A p r i l  1 28 .65  2 2 .3  **
42 1 .28
May 1 16 .92  2 4 .4  **
87 0 .69
June 1 9 .7 1  4 .5  *
29 2 .18
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Appendix Table 2. (Cont.)
Source N X
J u ly OP 6 5 .2
BC 34 4 .6
Aug. OP 41 4 .9
BC 15 5 .1
S e p t . OP 15 5 .6
BC 2 4 .8
O c t . OP 36 5 .1
BC 18 4 .1
Nov. OP 142 5 .6
BC 16 4 .6
Dec. OP 34 5 .2
BC 1 4 .6
Jan . OP 1 1 5 .7
BC 1 3 .6
Feb. OP 148 5 .7
BC 2 4 .4
March OP 38 6 .3
BC 14 5 .1
A p r i l OP 30 7 .1
BC 14 5 .4
May OP 6 6 8 .3
BC 23 7 .2
June OP 3 6 .7
























A n a ly s is  o f  v a r i a n c e  and summary s t a t i s t i c s  o f  j u v e n i l e  body s i z e s  
from O d i o m e 's  P o i n t  and Broad Cove, N.H. from  J u l y  1 976 -June  1977.
Source d f  ms f  r a t i o
J u ly  be tw een  sam p les  1 11 .1 7  23 .5  **
w i t h i n  sam p les  238 0 .4 8
Aug. t  **
S ep t .  1 5 .4 7  1 2 .8  **
126 0 .4 3
Oct. 1 0 .7 2  1 .1  -
121 0.66
Nov. 1 0 .5 4  0 .8  -





A p r i l
May 1 0 .4 9  1 4 .3  **
617 0 .0 3
June 1 0 .6 6  2 .0 4  -
315 0 .3 3
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Appendix  T a b le  3. (Cont
Source N 1
J u ly OP 161 2 .5
BC 83 2 . 0
Aug. OP 171 3 .2
BC 160 2 . 1
S e p t . OP 26 3 .0
BC 1 0 2 2 .5
Oct. OP 95 2 . 6
BC 28 2 .7
Nov. OP 40 2 . 8
BC 16 2 .9
Dec. OP 4 2 . 8
BC 0
Jan . OP 0
BC 0




A p r i l OP 0
BC 0
May OP 468 1 .47
BC 151 1 .5 4
June OP 194 1 . 8




















A n a ly s is  o f  v a r i a n c e  be tw een  m a le s ,  f e m a le s ,  and j u v e n i l e s  from 
O d io rn e 's  P o i n t ,  N.H. J u l y  1976 -  June  1977.
Source d f  ms f  max.
J u ly  be tw een  sam p les  2 44 .8 1  9 6 .7  **
w i t h i n  sam p les  189 0 .46
Aug. 2 228 .47  185 .7  **
354 1 .2 3
S ep t .  2 111 .02  1 3 5 .1  **
72 0 .82
Oct. 2 317 .50  374 .3  **
169 0 .85
Nov. 2 376 .69  523 .5  **
315 0 .7 2
Dec. 2 38 .89  38 .9  **
53 1 .0
Jan .
Feb. 2 150 .85  1 7 2 .1  **
236 0 .8 8
March
A p r i l
May
June
The maximum o b s e rv e d  F r a t i o  i s  computed a s  t h e  maximum 
v a r i a n c e  d iv id e d  by t h e  minimum v a r i a n c e  and compared w i t h  t h e  
c r i t i c a l  v a lu e  f o r  " a "  sam ples  and d e g re e s  o f  freedom  n - 1  w here 
n i s  t h e  sam ple s i z e .
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Appendix Table 5.
Analysis of variance between males, females and juveniles from




S ep t .  
O c t .
Nov.
betw een  sam ples  
















2 99 .2  **
102 .0  * *










A n a ly s is  o f  v a r i a n c e  be tw een  m ales  and fem a le s  from O d i o m e 's
P o in t , N.H. J u l y  1976 -  June  1977
Source d f ms f  r a t i o
J u ly be tw een  sam ples 1 5 .89 9 .4  **
w i t h i n  sam p les 29 0 .6 3
Aug. 1 12 .46 9 .1  **
184 1 .37
S ep t . 1 15 .61 1 5 .4  **
47 1 . 0 1
Oct. 1 86 .87 9 2 .6  **
75 0 .9 4
Nov. 1 263 .46 395 .5  **
275 0 .6 7
Dec. 1 50 .18 4 9 .4  **
51 1 . 0 1
Jan . 1 16 .56 62 .2  **
17 0 .2 7
Feb. 1 238 .06 2 6 7 .1  **
230 0 .8 9
March 1 80.94 1 4 8 .3  **
79 0 .55
A p r i l 1 43 .57 3 4 .6  **
47 1 .26
May 1 38.15 3 1 .1  **




Analysis of variance between males and females from Broad Cove,
N.H. July 1976 - June 1977
Source d f ms f  r a t i o
J u ly  betw een  sam ples  1
w i t h in  sam ples  53
3 .14
1 .4 1





14 .65  **
S ep t.

















6 .5  *










79 .8  **








Analysis of variance between adults and juveniles from Odiome's
Point, N.H. July 1976 - June 1977.
Source d f  ms f  r a t i o
J u ly  betw een  sam p les  1 83 .74  170 .16  * *
w i t h in  sam p les  190 0 .4 9
Aug. 1 444 .47  352 .2  **
355 1 .2 6
S e p t .  t  **
O ct. t  **
Nov. 1 489 .92  315 .9  **
316 1 .55
Dec. 1 2 7 .6 0  1 4 .5  **
54 1 .9 1
Ja n .
Feb. 1 6 3 .6 3  33 .9  **
237 1 .88
March




t  * *
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Appendix Table 9.
Analysis of variance between adults and juveniles
Cove, N.H. July 1976 - June 1977.
Source d f  ms
J u ly
Aug. be tw een  sam ples 1 288 .80
w i t h i n  sam ples 185 0 .5 4
S e p t . 1 80 .4 1
125 0 .5 7
Oct. 1 72.46
84 0 .5 2
Nov. 1 58 .5 0
60 0 . 8 6
Dec.




f  r a t i o
t  * *
5 3 3 .8  ** 
142 .4  ** 
13 9 .0  ** 
6 8 .4  **
A p r i l
May
June




Summary s t a t i s t i c s  o f  a d u l t s  from  O d i o r n e 's  P o in t  and Broad 
Cove, N.H. J u ly  1976 -  June  1977.
Source N X S.D
J u ly OP 31 4 .3 0 .9
BC 55 4 .7 1 . 2
Aug. OP 186 5 .4 1 . 2
BC 27 5 .6 0 .9
S e p t . OP 49 6 .5 1 . 2
BC 25 4 .5 1 . 0
Oct. OP 77 6 . 2 1 .4
BC 58 4 .8 0 . 8
Nov. OP 277 6 .5 1 .3
BC 46 5 .2 1 . 0
Dec. OP 53 6 . 0 1 .4
BC 1 4 .6
Ja n . OP 19 6 .5 1 . 1
BC 9 5 .4 1 . 1
Feb. OP 232 6 .5 1 .4
BC 7 5 .7 1 . 2
March OP 81 7 .3 1 . 2
BC 32 5 .6 1 . 1
A p r i l OP 49 7 .8 1 .4
BC 37 6 . 6 1 . 1
May OP 91 8 .7 1 .3
BC 37 8 . 1 1 .3
June OP 5 8 . 2 3 .0
BC 57 4 .8 1 .5
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Appendix Table 11.
Summary s t a t i s t i c s  o f  i n t e r s e x e s  from O d io r n e 's  P o i n t  and Broad
Cove, N,H. J u l y  1976 -  June  1977.
Source N X
J u ly OP 0
BC 0
Aug. OP 2 6 .7
BC 0
S e p t . OP 1 7 .1
BC 1 4 .8
Oct. OP 1 7.2
BC 1 5 .0
Nov. OP 6 7 .0
BC 1 4 .3
Dec. OP 2 7 .9
BC 0
Ja n . OP 0
BC 1 5 .0
Feb. OP 7 7 .7
BC 0
March OP 0
BC 1 5 .7
A p r i l OP 0
BC 0
May OP 0





A n a ly s is  o f  v a r i a n c e  and summary s t a t i s t i c s  o f  s e a s o n a l  o v ig e ro u s  
fem ale  body s i z e s  and f e c u n d i ty  o f  _H. n i l s s o n i  from O d io r n e ’ s 
P o in t  and Broad Cove, N.H. J u l y  1976 -  June  1977.
Source d f ms f  r a t i o
S p r in g  v s .  S u rom er-fa ll  
OP
body s i z e  be tw een  
sam ples
w i t h in
sam ples
egg it
( i n t a c t ? ?  )
BC
body s i z e
egg it 
OP v s .  BC 
S p r in g
body s i z e
egg it
s u m m e r- fa l l


























4 1 .0  **
5 1 .2  * *
t  **■
36 .2  **
0 .0 4  -
2 6 .6  **
14 .7  **
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body s i z e  79 8 .2
egg # 61 31 .4
BC
body s i z e  31 7 .1
egg # 26 3 0 .8
S um m er-fa ll  
OP
Body s i z e  17 6 . 8
egg # 14 1 6 .1
BC
body s i z e  27 5 .2












S e a so n a l  a n a l y s i s  o f  v a r i a n c e  and summary s t a t i s t i c s  o f  m a le s ,  
fe m a le s ,  and j u v e n i l e s  o f  H. n i l s s o n i  ( a l g a e )  and H. p lu m u lo sa  
( g r a v e l )  from  Nobska P o i n t ,  Mass. d u r in g  1979. (Hn -  H. n i l s s o n i , 
Hp = H. p lu m u lo sa )
Source
Males
w in te r
(2 /28 )
s p r in g
(5 /10 )  be tw een  sam ples  
w i t h i n  sam ples
summer
(7 /10 )
f a l l
(10 /4 )
Females
w in t e r
s p r in g
summer
f a l l
J u v e n i l e s
w in te r
























f  r a t i o
t  * *
5 .4 8  *
t  * *  
t  * *
2 1 .3  **
2 7 .4  **
£ Jck
13 .2 1  **
55.7 **
f a l l
Appendix Table 13. (Cont.)
Source N X S.D
Males Hn 26 5 .7 0 . 6
w i n t e r Hp 18 6 .9 1 . 6
Hn 28 6 .9 0 . 8
s p r i n g Hp 3 8 . 1 0 . 8
Hn 62 4 .2 0 .9
summer Hp 80 6 . 1 4 .6
Hn 74 4 .0 0 . 6
f a l l Hp 95 5 .6 1 .5
Females Hn 2 0 4 .9 1 .3
w i n t e r Hp 8 7 .1 0 .5
Hn 81 5 .0 0 . 8
s p r i n g Hp 4 7 .2 1 . 1
Hn 83 3 .6 0 . 6
summer Hp 67 5 .2 1 . 1
Hn 6 4 .2 0 . 8
f a l l Hp 32 5 .8 1 . 0
J u v e n i l e s Hn 0
w i n t e r Hp 0
Hn 5 2 . 8 1 .4
s p r i n g Hp 0
Hn 51 2 . 2 0 . 6
summer Hp 28 3 .3 0 .5
Hn 1 0 2 2 .7 0 . 6
f a l l Hp 62 3 .6 1 . 2
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Appendix Table 14.
Analysis of variance between males, females and juveniles; males
and females; and, adults vs. juveniles of H. nilssoni in Nobska
Point, Mass. algae. 1979.
Source d f ms f  r a t i o
Males v . s  f e m a le s  v s .  j u v e n i l e s  
w in t e r
s p r i n g  be tw een  sam p les  2  
w i t h i n  sam ples  1 1 1
summer 
f a l l
Males v . s  fem a le s  
w i n t e r  
s p r i n g
summer
f a l l
A d u l ts  v s .  j u v e n i l e s  
w i n t e r  
s p r i n g
summer






















1 .5 1  
106 .12  
0 .6 0  
73 .85 
0 .45
4 6 .2  **
8 1 .1  **
£ ** 
9 8 .9  **
t  * *
0 .9  -
2 2 . 6  * *
1 7 7 .0  **
1 6 4 .3  **
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Appendix Table 15.
A n a ly s is  o f  v a r i a n c e  be tw een  m a le s ,  fem a le s  and j u v e n i l e s ;  m ales  
and f e m a le s ;  a n d ,  a d u l t s  v s .  j u v e n i l e s  o f  H. p lum u losa  i n  Nobska 
P o i n t ,  Mass. g r a v e l  1979.
Source d f ms f  r a t i o
Males v s .  fe m a le s  v s .  j u v e n i l e s  
w in te r  
s p r in g  
summer 
f a l l
Males v s .  fem a le s
w in te r
s p r in g
summer
f a l l
A d u l ts  v s .  j u v e n i l e s  

















4 7 .4  **
1 .5 9  -
2 . 2  * *
0 .5  -
s p r in g
summer




9 7 .2  **
147
Appendix Table 16.
Summary s t a t i s t i c s  o f  a d u l t  H. n i l s s o n i  ( a lg a e )  and H. p lu m u lo sa  
(g ra v e l )  from Nobska P o i n t ,  Mass. 1979. ( ) = i n t e r s e x
Source N X S.D
Hn 46 5 .4 1 . 0
w in te r Hp 26 7 .0 1 .3
Hn 109 (1) 5 .5  (7 .1 ) 1 . 2
s p r in g Hp 7 7 .6 1 . 0
Hn 145 3 .9 0 . 8
summer Hp 147 5 .4 1 .3
Hn 80 4 .0 0 . 6
f a l l Hp 127 5 .7 1 .4
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Appendix Table 17.
A n a ly s is  o f  v a r i a n c e  and summary s t a t i s t i c s  o f  s e a s o n a l  o v ig e r o u s  
fem ale  body s i z e s  and f e c u n d i ty  o f  II. n i l s s o n i  ( a lg a e )  and H. 
p lum ulosa  ( g r a v e l )  from  Nobska P o i n t ,  Mass. 1979.
Source d f ms
w i n t e r - s p r i n g  v s .
su m m e r- fa l l
Hn betw een  sam ples 1 29 .97
body s i z e  w i t h i n  sam ples 108 0 .4 0
1 199 .70
egg // ( i n t a c t  fem a le s ) 49 2 6 .5 0
f  r a t i o
75 .89  **
7 .5  **
Hp
body s i z e  
egg #
Hn v s . Hp
w i n t e r - s p r i n g  
body s i z e s  
egg #
su m m e r- fa l l  
body s i z e s  
egg #
149
Appendix Table 17. (Cont.)
Source N. X S .D.
W in te r - s p r in g
Hn
body s i z e  67 5 .1  0 .6
egg # ( i n t a c t  f e m a le s )  40 1 2 .2  5 .1
Hp
body s i z e  1 7 .7
egg # 1 1 9 .0
Sum m er-fa ll
Hn
body s i z e  43 4 .0  0 .6
egg # 11 7 .4  5 .5
Hp
body s i z e  28 6 .1  1 .3
egg # 14 1 7 .7  • 1 6 .9
APPENDIX B 
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Appendix Table 1.
Five  way a n a l y s i s  o f  v a r i a n c e  on t e m p e r a t u r e - s a l i n i t y  s u r v i v a l  o f  
j u v e n i l e  H. n i l s s o n i  (** = P <  0 . 0 1 ,  -  n o t  s i g n i f i c a n t  a t  0 .0 5  o r  
0 . 01) .
Source d f ms f  r a t i o
D day 3 0 .69798 74 .9
L l o c a t i o n 1 0 .00127 0 . 1
T te m p e ra tu re 4 0 .74723 80 .2
S s a l i n i t y 5 9 .51873 1 0 2 1 . 1
b lock 1 0 .01193
DL 3 0 .00725 0 . 8
DT 1 2 0 .10469 1 1 . 2
DS 15 0.08460 9 ,1
LT 4 0.01901 2 . 0
LS 5 0.01105 1 . 2
TS 2 0 0 .08727 9 .4
DLT 1 2 0 .00654 0 .7
DLS 15 0.00152 0 . 2
DTS 60 0 .03758 4 .0
LTS 2 0 0.00806 0 .9
DLTS 60 0.00489 0 .5
e r r o r 239 0.00932
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Appendix Table 2.
o ^R e g re s s io n  o u tp u t  f o r  0 /oo  s a l i n i t y  w here Y = -  4 .3 1  = 1.456X^
-  1.640X3 + O.O2 9 IX 3  -  10.321nX1 = 6.751nX3 + 1 .986  ( l n X ^  ( lnX 3>
A
X1 Days X„ S a l i n i t y  X« T em pera tu re  Y P e r c e n t
S u r v iv a l
1 0 4 60 .09
2 0 4 3 .29
3 0 4 0 .6 7
4 0 4 0 .3 3
1 0 8 48 .1 1
2 0 8 5 .1 7
3 0 8 1 . 8 6
4 0 8 1 .35
1 0 15 6 .7 4
2 0 15 0 .9 9
3 0 15 0 .5 8
4 0 15 0 .6 0
1 0 2 0 2 . 2 0
2 0 2 0 0 .4 7
3 0 2 0 0 .3 4
4 0 20 0 .4 1
1 0 25 1 .9 1
2 0 25 0 .5 5
3 0 25 0 .4 8
4 0 25 0 . 6 6
For t h i s  a n a l y s i s  and t h e  one d e s c r i b e d  i n  Appendix T a b le  3 ,  
th e  e x p e r im e n ta l  o b s e r v a t i o n s  on p e r c e n t  s u r v i v a l  w ere  a d j u s t e d  a s  
fo l lo w s :
0% s u r v i v a l  was s e t  a t  0,5%
100% s u r v i v a l  was s e t  a t  99.5%.
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Appendix T a b le  3.
R e g re ss io n  o u tp u t  f o r  g r e a t e r  th a n  0 ° /o o  s a l i n i t y  w here
$  = 5 .1 0  = 1 .0652^  -  0 .115X2 -  1 .49X 3  -  0 .0290X3 -  O . I S O X ^  + 
0.00084X^2X 2 -  7 .0 1  lnXj +  2 .122  lnX , -  6 .7 5  lnX j 
0 .672 (lnX1) (lnX2 ) +  2 .2 2 5  ( lnX .^  ( lnX 3)
X  ^ Days X2  S a l i n i t y X^ T em pera tu re Y Sun
1 5 4 98 .97
2 5 4 95 .57
3 5 4 91 .69
4 5 4 88 .74
1 5 8 97 .96
2 5 8 94 .6 1
3 5 8 90 .35
4 5 8 85 .33
1 5 15 98 .75
2 5 15 96 .50
3 5 15 90 .34
4 5 15 75 .79
1 5 2 0 98 .34
2 5 2 0 93 .97
3 5 2 0 76 .71
4 5 2 0 39 .00
1 5 25 94 .17
2 5 25 74 .23
3 5 25 26 .46
4 5 25 3 .74
1 15 4 99 .69
2 15 4 99 .2 1
3 15 4 98 .89
4 15 4 98 .79
1 15 8 99 .40
2 15 8 99 .09
154
Appendix Table 3. (Cont.)
A P e r c e n t
X  ^ Days S a l i n i t y  X^ T e m p era tu re  Y S u r v iv a l
3 15 8 98 .82
4 15 8 98 .57
1 15 15 99 .66
2 15 15 99 .48
3 15 15 99 .0 1
4 15 15 97 .92
1 15 2 0 99 .57
2 15 2 0 99 .16
3 15 2 0 97 .56
4 15 2 0 91 .9 1
1 15 25 98 .48
2 15 25 95 .97
3 15 25 8 3 .2 1
4 15 25 4 4 .9 6
1 2 0 4 99 .7 1
2 2 0 4 99.35
3 2 0 4 99 .18
4 2 0 4 99 .16
1 2 0 8 99 .44
2 2 0 8 99 .2 8
3 2 0 8 99 .17
4 2 0 8 99 .07
1 2 0 15 99 .69
2 2 0 15 99 .62
3 2 0 15 99 .36
4 2 0 15 98 .79
1 2 0 2 0 99 .61
2 2 0 2 0 99 .40
3 2 0 2 0 98 .5 0
4 2 0 2 0 95 .56
1 2 0 25 98 .68
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Appendix Table 3. (Cont.)
P e r c e n t
^  Days X2  S a l i n i t y  X3  T e m p era tu re  Y S u r v iv a l
2 2 0 25 97 .21
3 2 0 25 89 .69
4 2 0 25 62 .74
1 30 4 99 .62
2 30 4 99 .33
3 30 4 99 .26
4 30 4 9 9 .3 3
1 30 8 99 .31
2 30 8 99 .3 1
3 30 8 99 .32
4 30 8 99.35
1 30 15 99 .64
2 30 15 99 .67
3 30 15 99 .56
4 30 15 99 .3 3
1 30 2 0 99 .56
2 30 2 0 9 9 .5 3
3 30 2 0 99 .1 0
4 30 2 0 97 .87
1 30 25 98 .57
2 30 25 97 .96
3 30 25 94 .28
4 30 25 80 .99
1 40 4 99.37
2 40 4 99 .07
3 40 4 99 .08
4 40 4 99 .2 3
1 40 8 98 .89
2 40 8 99 .09
3 40 8 9 9 .2 3
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Appendix Table 3. (Cont.)
^ P e r c e n t
Days S a l i n i t y  T em pera tu re  Y S u r v iv a l
4 40 8 99.35
1 40 15 99 .45
2 40 15 99 .62
3 40 15 99 .59
4 40 15 99 .47
1 40 2 0 99 .37
2 40 2 0 99 .49
3 40 2 0 99 .2 4
4 40 2 0 98 .57
1 40 25 98 .0 3
2 40 25 97 .98
3 40 25 95 .71
4 40 25 88 .26
